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SITE-SPECIFIC SAMPLING PLAN (SSSP) FOR REMOVAL PROGRAM SITES

Project Name: Black Butte Mine
Technical Direction Document (TDD) Number: 05-04-0005
Contract Number: 68-S0-01-01 :

APPROVALS
Name Title ~ ___Signature Date
Marc Callaghan On-Scene Coordinator (OSC) MWQK &PT (:QCC‘)'/-
Erin Lynch START-2 Project Manager A\ - UL 7/ fos
Mark Woodke START-2 Quality Assurance Officer Cfi — '—'Q_v(”

This SSSP is prepared and used in conjunction with the Generic Superfund Technical Assessment and Response
Team (START)-2 Quality Assurance Project Plan (QAPP), January 2003, for collecting samples during Removal
Program (RP) projects. Refer to the Generic START-2 QAPP for additional details relating to the SSSP.

Additional Personnel and Affiliations involved in the project

U. S. Environmental Protection Agency (EPA) OSC
Marc 811 SW 6th Ave., 3rd Floor, Portland OR 97204 | (503) 326-2917 callaghan.marc @epa.gov
Callaghan
Ecology and Enviroﬁment, Inc. (E & E), START-2 Project Manager |
Erin Lynch | 333 SW Fifth Avenue, # 608, Portland, OR 97204 | (503) 248-5600‘ elynch@ene.com
| STL - Seattle, Project Manager
Darla 5755 8" Street East, Tacoma, WA 98424 (253)-922-2310 dpowell @stl-inc.com
Powell

Physical Description and Contact Information

Site Name

Black Butte Mine (See Figure 1-1; Site Location Map)

Site Location

Address:

10 miles south of Cottage Grove

Lane County, Oregon

Latitude: 43°34' 42" North

Longitude: 123°03' 58" West

Property size

Acres: To be determined

Site Contact

Name: Robert A Smejkel, P.C.

Phone Number: (541) 345-3330

Site Owner

-Name: Land and Timber Company

Phone Number:

Site Operator

N>ame: Michael Pooler

Phone Number: (541) 942-1008

Nearest Residents

Distance: On site

Direction: Northwestern most corner

Primary land uses

surrounding the site

Land use in the vicinity is primarily rural residential and recreational.
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Years of operation | From: Late 1890s To: Late 1960s

The Data Quality Objective process will be used to determine all sample locations; this process

is further described in the Generic START-2 QAPP.

kﬁ/ite Location and Description
The Black Butte Mine (BBM) site is a former mercury mine located in southern Lane County, in

the Coast Fork Willamette River basin, approximately 10 miles south of Cottage Grove, Oregon off
London Road (Figure 1-1). The site is located on the northeast flank of Black Butte. The elevation of
the site is between approximately 1,080 and 2,420 feet above sea level.

The primary features of the site include mine waste piles; a former mill structure containing a
rotary kiln, mercury condenser, and ore storage/crushing equipment (new furnace area); another mill and
furnace area (old ore furnace); several old dilapidated buildings; a system of unimproved roads; and

some partially caved-in mine adits (Figure 1-2).

‘I‘fistorical and Background Information

The BBM has been identified in recent Total Maximum Daily Load (TMDL) work as a ,
significant contributor of mercury to sediment and fish tissue in Cottage Grove Reservoir. Cottage Grove
Reservoir, and the main stem of the Willamette River, the nation’s 13" largest watershed, are water
quality limited for mercury, and the Oregon Department of Human Services has issued health advisories
to limit consumption of fish due to elevated mercury concentrations in fish tissue. The Willamette River
is also home to several threatened or endangered species.

The BBM was first operated in the late 1890s. The mine operated intermittently through the late
1960s, with peak production occurring during the period from 1927 to 1943. Between the years 1900 and
1957, a total of 16,904 flasks of elemental mercury were produced at th‘e mine (1 flask equals 76
pounds). According to Brooks (1971), the original operator/owner of the mine was the Quicksilver
Mining Company, which managed the operations until 1909 when the mine was closed because of
depressed mercury prices. The mine was re-opened in 1916 by a New York company under the
management of Earl B. Crane. In 1927, the mine was purchased by the Quicksilver Syndicate. Mining
operations continued until 1943 under this ownership, when mercury prices agéin forced closure of the

mine.. In 1956, the mine was again re-opened under lease to the Mercury and Chemical Corporation of
971). The site is currently owned by the Land and Timber (“omoanv 696 Country

otz

1
Club Road, Eugene, Oregon 97401.
Mercury-bearing ore was extracted from underground workings and transported to the surface via

light rail cars. The primary ore mineral at the site was cinnabar, a mercuric sulfide. Minor amounts of
metacinnabar (another form of mercuric sulfide) and elemental mercury were also present in the ore

(Brooks 1971). Ore was crushed in preparation for processing. The crushed ore was roasted in a kiln to
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volatilize the mercury. The resulting mercury vapor was then condensed and liquid mercury bottled for

shipment. A flotation process, in which crushed ore is processed to concentrate the ore mineral(s) prior

to roasting, was reportedly used between 1916 and 1919 (Brooks 1971). Two ore processing areas have
been identified as described above, the new furnace area and the old ore furnace. The dates of operations
of the different areas are not known.

| Processed ore from the ore milling operations were deposited downhill, mainly toward the north,

from the mill areas. Ore was reportedly re-processed in 1943 (Brooks 1971), apparently because the

roastmg prior to 1943 left appreciable quantities of mercury behind in the waste.

vf{e\(ious Investigations
Prior to a Preliminary Assessment (PA) conducted by the Oregon Department of Environmental

Quality (DEQ) in 1996, under a cooperatwe agreement with EPA Region 10, no other formal

" investigation has been identified at the site. Several organizations however, had conducted samplmg

efforts in the vicinity of the site. The following lists these earlier efforts as well as the more formal

investigations that have occurred at or near the Black Butte Mine site:

. Limited sediment and tissue sampling: Oregon State University, Departmént of Fisheries and
Wildlife (1991). This study compared samples from three Oregon reservoirs. Samples from
Cottage Grove Reservoir included tissue samples from five largemouth bass and several sediment
samples. Muscle tissue from the oldest two fish showed mercury concentrations of 1.49 and 1.79
parts per million (ppm). Mercury concentrations in sediment samples averaged 0.84 micrograms

. per kilogram (ug/g), dry we1ght

. Tissue analysis on an addled egg from a bald eagle’s nest: U.S. Fish and Wildlife Service (1992).
The addled egg was analyzed for trace elements and mercury (2.9 pg/g, dry weight and 0.76
ug/g, wet weight). These concentrations are significantly higher than nationally reported
mercury levels for bald eagle eggs. -

. Limited sediment and tissue analysis: U.S. Geological Survey (1993). Site related data were
generated as part of a periodic state-wide sampling. Samples were collected from three locations
in the vicinity of Black Butte Mine.

. More extensive sédiment sampling: Oregon State University Department of Fisheries and
Wildlife (1992 and 1994). Additional sampling completed in 1992 detailed apparerlt elevated
levels of methylmercury in fish tissue in Cottage Grove Reservoir. The tissue concentrations
approached or exceeded the U.S. Food and Drug Administrations limit for human consumption
of 1 part pe”r> million (ppm) for commercially caught fish. In 1994, soil samples were collected
from near BBM and sediment samples were collected from Cottage Grové Reservoir and its
tributaries. Results of surface soil sampling near the rotary kiln indicated the presence of
mercury at concentrations of 350 milligrams per kilogram (mg/kg). Mercury was also detected in
sediments in Dennis and ‘Garoutte Creeks downstream of BBM with concentrations up to 267

mg/kg. This data-appeared to sﬁpport the conclusion that elevated mercury levels in sediments
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can be traced to the Dennis Creek drainage, and may result from off-site transport of mercury

from the BBM.
. Preliminary Assessment: Oregon DEQ (1996). The PA was conducted to identify potential

public health and environmental threats related to the site. The scope of the investigation
included a review of available file information, interviews, a target survey, and an on-site
reconnaissance inspection. No new sampling was conducted for this assessment.

. Site Inspection (SI): Ecology and Environment, Inc.for"EPA Region 10 (1999). The SI was

conducted to: document a threat or potential threat to publié health or the environment posed by

the site; identify if a potential emergency situation exists that may require an immediate
response; assess the eligibility of the site for National Priorities List inclusion; and document
presence or absence of uncontained or uncontrolled hazardous substances on site.

. The SI involved the collection of samples from potential hazardous substance sources at
the mine and from target areas potentially impacted through contaminant migration from
on-site sources. Sources identified for the SI included mine tailings, the former
mill/rotary kiln (referred to as the new furnace area), and the mine adit. All of the
sources for the SI contained at least one hazardous substance at significant .
concentrations. A total of 52 samples (excluding QC sampies) were collected for the SI.
Sample locations included multiple locations at the on-site sources, Dennis Creek,
Garoutte Creek downstream of its confluence with Dennis Creek, and nearby springs and
domestic wells used for drinking water. Samples were analyzed for target analyte list
(TAL) inorganic elements at EPA’s Manchester Laboratory.

. Mercury, found in only one sample, and arsenic detected in seven samples, were the only
contaminants detected at significant concentrations in the mine tailings. The former
mill/rotary kiln soils contain 10 contaminants at significant concentrations, most notably
mercury, which ranged in concentration from 91.9 mg/kg to 54,300 mg/kg, and arsenic
which ranged in concentration from 114 mg/kg to 952 mg/kg.

. Groundwater samples collected from nearby springs and domestic wells contained .
elevated concentrations of inorganic elements that were also detected at significant
concentrations in the on-site sources. Arsenic was detected above the federal maximum
contaminant levels (MCLs) for drinking water in three of the domestic wells sampléd fof
the SI. Mercury was not detected in either of the spring samples or any of the domestic
well samples.

. Although surface water sample results from Dennis Creek and Garoutte Creek did not.. .
strongly indicate a release of contaminants to the water column, the migration of
contaminants from tailings to the creek was confirmed by elevated concentrations of
mercury in two sediment samples collected downstream of the “lower” tailings pile.

~ However, no elevated contaminant concentrations were observed farther downstream in

Garoutte Creek that could be attributed to releases from the mine sources.

Black Butte Mine SSSP Revision 1.0, September 5, 2005
10:START-2\05-04-0005\S1019 S 4 00005



e A one time sampling of surface water and sediment from the Dennis Creek adit indicated
that significant concentrations of several inorganic elements are present in both the
surface water and sediment. Arsenic was not detected in either surface water or

sediment however, mercury was detected in sediment (11.5 mg/kg).

Sources and Chronology of Mercury Contamination in Cottage Grove Reservoir for U.S. Army
Corps of Engineers, Portland, Oregon: L.R. Curtis, Oregon State University (May 20, 2003).
The objective of this study was to assess a potential point source for mercury (BBM) and
determine the distribution of mercury contamination in Cottage Grove Reservoir and its tributary
streams. This study examined mercury contamination in soils of BBM (the suspected point
source) and downgradient tributary stream and reservoir sediments. Reservoir sediment cbre
stratigraphy sampleé, from sediment cores collected in 1995 and 2002, were also analyzed for
mercury and assessed for how contaminant loading changed over time. Mercury distribution in
tributary stream sediments and reservoir sediment core stratigraphy supports the conclusion that
BBM is a point source of mercury contamination to the Cottage Grove Reservoir. Mercury
concentrations in largemouth bass were found to exceed State and Federal Action Limits.
Reconnaissance Soil Sampling at the Black Butte Mine for DEQ: L.R. Curtis, Oregon State

University (August 9, 2004). Ninety-nine composite surface soil samples were collected from an

area forming a 1.5 mile radius circle centered on BBM. All 99 soil samples were analyzed for

total mercury concentrations. In addition, mercury speciation analysis was conducted on ten of
the soil samples. Results of the analysis for total mercury indicated that soils in the immediate
vicinity of furnace areas were heavily contaminated with mercury. Total mercury in soils near
the old ore furnace ranged from 1,120 to 2,090 pg/g. Total mercury in soils near the new furnace
area ranged from 41 to 727 pug/g. Results of the sequential selective extraction analysis were
interpreted to indicate that most of the mercury in soil near the kilns was cinnabar. Some strong-
complexed and organo-complexed mercury were also present in these soils. Processed ore pile
samples contained mostly strong-complexed and organo-complexed mercury and lower

percentages of cinnabar, a mercuric sulfide. More mobile forms were interpreted to have leached

away.

As a result of these investigations/observations, five main areas of contamination have been

identified at the BBM site. These five main areas compose the decision areas present at the site (Figure

1-2):

. Main Waste/Tailings Pile;

. Old Ore Fumnace;

. New Furnace Area;

. Other areas of potential contamination (including adits and associated waste rock,
seeps); and '
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. Sediment and water in Furnace Creek, Dennis Creek (and Garoutte Creek).

The contaminants of concern include mercury and arsenic. The physical/chemical threats to the
population at risk are exposure to soils at BBM and ingestion of fish containing mercury. Mercury has
been detected in samples from the Main Waste/Tailings Pile, Old Ore Furnace, New Furnace Area, and
in sediment from Furnace Creek and Dennis Creek. The following is an anticipated sampling constraint:
~ heavy brush and small trees in the Old Ore Furnace area and surrounding waste pile. The proposed

schedule of project work follows:

Activity Estimated Start Estimated Completion Comments
Date Date
SSSp August 10, 2005 August 19, 2005
Review/Approval ® ' '
Mobilize to Site

September 6, 2005
September 15, 2005
September 16, 2005

Sample Collection

Laboratory Sample

Receipt

Laboratory Analysis September 19, 2005 October 17, 2005
Data Validation October 17, 2005 October 24, 2005
Draft Report ' : November 28, 2005
Target Completion December 9, 2005
Date

* For emergency response projects, the SSSP may be submitted within 30 days after the response date.
For projects involving the EPA Region 10 laboratory, the EPA RSCC must review and approve the SSSP

prior to sample collection activities.

Conceptual Site Model
Figure 1-2 shows the site features including the Main Waste/Tailings Piie, Old Ore Furnace, New

Furnace Area, other potential areas of contamination, and sediment and surface water from Furnace
Creek and Dennis Creek. '

The Main Waste/Tailings Pile is estimated to contain 300,000 cubic yards of material. These
materials are bordered on the north by Dennis Creek. In addition, waste materials are present in the New
Furnace Area and a waste/tailings pile is present in the Old Ore Furnace area. Mine waste/tailings in the
0Old Ore Furnace area are bordered by Furnace Creek. Evidence suggests that significant volumes of
mine-waste/tailings have eroded into Furnace Creek.

Mine waste/tailings were deposited below the ore processing areas over the course of
approximately seventy years of intermittent mining operations. These tailings are expected to be
heterogeneous in terms of mineral and chemical composition, as well as grain-size distribution based on
changes in ore processing equipment and techniques over the period of mine operations including
reported re-processing of ore in 1943 (Brooks 1971). Because the removal of such a large volume of
mine waste/tailings may be cost prohibitive, it may become critical to identify “hot spots” within the
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~ waste/tailings for potential future removal actions. Further defining the nature of heterogeneity of the
Waste/Tailings Pile will allow flexibility in future Removal Actions.

Roasted ore is referred to as calcine. A variety of mercury phases may be formed during roasting
of mercury ores, including metacinnabar, corderoite, schuetteite (HgSO, - H,0O) and various mercury
chlorides (Rytuba 2002). These minerals are soluble compared to cinnabar under typical surface
oxidizing conditions, and thus are likely to be disproportionately large contributors of mercury to the
environment (Rytuba 2002). During roasting of cinnabar ore, the mercury is oxidized to mercury (II),
with which inorganic and organic (methyl mercury) compounds may readily form (e.g. Moore 2002).

Determining the species of mercury that may be present in the mine waste/tailings will increase
our understanding of how mercury is being transported from the site. Mercury may be transported to
surface water bodies by erosion of mine waste/tailings and direct transport of those materials to surface
water and/or by the leaching of mercury to runoff or to groundwater. Mercury laden water could reach
surface water by runoff or by groundwater through springs. Waste/tailings materials near the surface are
expected to have had mobile forms of mercury leached from them already. In the subsurface leachable
mercury may still be present and could serve as a source of mercury to groundwater. Determining how
mercury is being transported to surface water bodies and if leachable forms of mercury are present in the
subsurface will guide future Removal Actions.

Methylmercury is the most hazardous mercury species due to its high stability, its lipid solubility,
and its ionic properties that lead to a high ability to penetrate membranes in living organisms. Mercury
methylation in aquatic ecosystems depends on mercury loadings, microbial activity, nutrient content, pH
and redox conditions, suspended sediment load, sedimentation rates, and other variables (Eisler 1987).
Determining the levels of mercury present in sediment and surface water and the species of mercury
present will further define the threat of contamination from the site to human health and the environment
and will further characterize the mechanism(s) for transport of mercury from the site.

Surface water and sediment from Dennis Adit may serve as a source of contaminants to the
surrounding environment. A one time sampling indicated that both surface water and sediment contained
significant concentrations on inorganic elements, including mercury in the sediment sample. A
precipitate was observed within the adit during a site visit on June 22, 2005. Further defining the
character of surface water and sediment in Dennis Creek adit will aid in determining whether the adit is a
source of contaminants to the site and possibly Dennis Creek.

\‘[/ecision Statement

The decisions to be made from this investigation are:

For the Main Waste/Tailings Pile to:

. Determine whether surface and subsurface mine waste in the Main Waste/Tailings Pile
exceeds EPA Region 9 Preliminary Remediation Goals (PRGs) and DEQ Maximum
Allowable Soil Concentrations (MASCs) for mercury and arsenic;

. Determine if the Main Waste/Tailings Pile may be a source of leachable mercury to
groundwater and surface water;

. Determine if the Main Waste/Tailings Pile is a significant source of mercury
contamination to Dennis Creek and creeks hydraulically downgradient of Dennis Creek;

. Determine the likely forms of mercury that migrate off site from the Main

‘Waste/Tailings Pile;
. Refine the Main Waste/Tailings volume estimate by further delineating the pile both
' horizontally and vertically; and
. Assess the stability of the Main Waste/Tailings Pile with respect to erosion and
~ slumping.
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For the Old Ore Furnace to:

. Determine whether soils in the vicinity of the Old Ore Furnace exceed EPA Region 9
PRGs and DEQ MASCs for mercury and arsenic;

. Determine if the soils in the vicinity of the Old Ore Furnace are a source of leachable
mercury to surface run off and to groundwater; and

. Determine the transport mechanism(s) for mercury from the Old Ore Furnace area.

Currently there is evidence that suggests waste/tailings are transported from this area to
Furnace Creek through erosion (DEQ 2005).
For the New Furnace Area to:

. Determine whether surface and subsurface mine waste in the new furnace area exceeds
EPA Region 9 PRGs and DEQ MASCs for mercury and arsenic; '
. Determine if soils in the vicinity of the New Furnace are a source of leachable mercury

to surface run off and to grouridwater.
For the other areas of potential contamination to:

«  Determine if sediment from the “400-foot level” adit and the Dennis Creek adit exceeds
EPA Region 9 PRGs for mercury and arsenic; :
.. Determine if water from the “400-foot level” adit and the Dennis Creek adit exceeds

Federal Ambient Water Quality Criteria (AWQC) and DEQ Level II Screening Level
values for mercury and arsenic; and

. Determine if these adit areas are-a source of mercury to Dennis Creek and Fumace
Creek. - :

. Determine if seeps are a source of contamination to surface water bodies.

For Sediment and Surface Water in Furnace Creek and Dennis Creek:

. Confirm that Black Butte Mine is a source of mercury to Dennis and Furnace Creeks and
water bodies hydraulically downgradient of those Creeks.

. ~ Determine the likely species of mercury present in sediment and surface water and how
mercury migrates off site and downstream for BBM.

Aputs into the Decision
The following information will be provided from project activities:
. Total mercury and arsenic concentrations in surface and subsurface waste/tailings,

sediment (in streams and adit), surface water (in streams and adit), and ground water (at
springs) at source and target locations. This mformat10n will be gathered through the
project activities described in this SSSP.

. EPA Synthetic Precipitate Leaching Procedure (SPLP) data for mercury from surface
and subsurface waste/tailings.
. _Selective sequential extraction of mercury data from surface and subsurface

waste/tailings and from sediment and samples.

Sample Collection Information
Applicable-sample collection Standard Operating Procedures (SOPs - provided at the end of the

SSSP) will be followed, including Field Activity Logbooks, Sediment Sampling, Sample Packaging,
Surface Water Sampling, Soil (mine waste/tailings) Sampling, Borehole Sampling, Geoprobe™
Operation, Geologic Logging, Health and Safety during Geoprobe Operations, and Sampling Equipment
Decontamination. ' S :

. Surface and Subsurface Soil (Mine Waste/Tailings): Concentrations of total mercury
in mine waste/tailings are expected to be heterogeneous both laterally and vertically over
the Main Waste/Tailings Pile. Both surface and some subsurface (to a maximum depth
of 26 inches) mine waste/tailings samples were collected in the SI. “Deep’ continuous
direct-push cores were completed to the base of the mine waste/tailings in two locations
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and analyzed for mercury using an XRF (DEQ 2005).

. Based on the two “deep” borings and anecdotal evidence, the Main
Waste/Tailings Pile is estimated to contain approximately 300,000 cubic yards of
material. The two “deep” borings cannot adequately delineate the large volume
of waste/tailings. Therefore, additional “deep” borings are appropriate for
surface and subsurface soil (mine waste/tailings) sample collection to refine the
estimate of materials present.

. Mercury was not detected in any of the samples collected from the two “deep”
borings, possibly due to the high detection limit of the XRF. The Lumex
Mercury Analyzer employs differential atomic absorption spectrometry
techniques to detect mercury at very low detection limits. Therefore, utilization
of both an XRF Analyzer and a Lumex Mercury Analyzer for field screening
surface and subsurface mine/waste tailings is appropriate for better

~ characterization of the homogeneity of the Main Waste/Tailings Pile and to
characterize and determine if hot spots are present within the Main
Waste/Tailings Pile, Old Ore Furnace area, New Furnace Area, Other areas of
potential contamination.

. The likely species of mercury present at the BBM site and the mechanism(s) of
mercury transport from the BBM site have not been completely characterized.
Characterizing the possible species of mercury present in waste rock and tailings
at the BBM site as well as the leachability of the mercury that is present will
further characterize the mechanism(s) and possible pathways for the transport of
mercury off site. Therefore, the collection of surface and subsurface mine/waste
tailings for selective sequential extraction of mercury and SPLP analysis is
appropriate to characterize the possible forms of mercury present which will
further characterize the mechanisms of mercury transport and potential

receptors.

’ Groundwater (Seeps/Springs): One of the identified concerns at the site is the possible
leaching of mercury from mine waste/tailings which could then travel along a
groundwater pathway to surface water at the site. As described above, mine
waste/tailings will be analyzed for mercury species present and leachability. Although
seeps/springs have been sampled previously in the SI, results are considered to be a
“snap shot” in time. Therefore, further sampling of seeps/springs will further
characterize groundwater as a potential pathway for mercury transport.

. Sediment and Surface Water (Creeks and Adits): Sediment and surface water
samples have been collected from Dennis Creek and Garoutte Creek as well as locations
within the Coast Fork Willamette and Cottage Grove Reservoir. Sediment samples
indicate that the BBM is a source of mercury to downgradient creeks and reservoirs
however, the likely species of mercury and the mechanism of mercury transport to
downstream receptors have not been characterized. Mercury has not been detected in
surface water samples. Therefore, the collection of sediment-and surface water from
Dennis Creek, Furnace Creek, and Garoutte Creek for field screening utilizing an XRF
Analyzer and Lumex Mercury Analyzer is appropriate for characterizing sediment for
total mercury. In addition, selective sequential extraction of mercury in sediment is
appropriate to better understand potential mechamsms of mercury transport from
upstream locations.

. A one-time sampling of sediment and surface water was completed for the
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Jjecision Areas

Dennis Creek Adit. Concentrations of mercury in adit water are expected to
fluctuate based on seasonal temperature and flow rates. Adit water could enter
Dennis Creek through surface water runoff during storm events or through
groundwater. Although adit water has been sampled previously, results are
considered to be a “snap shot” in time, further sampling of adit sediment and adit
water will further characterize the Dennis Creek adit as a possible source of
mercury to Dennis Creek and Furnace Creek. The “400-foot level” adit has not
been sampled previously. Therefore the sampling sediment and surface water
from the Dennis Creek Adit and the “400-foot level” adit is appropriate to
characterize adit discharge as a possible source area.

Figure 1-2 shows the site divided into decision areas (DAs). The DAs include:

Main Waste/Tailings Pile;
Old Ore Furnace;
New Furnace Area;

Other areas of potential contamination (including adits and associated waste rock,
seeps); and

Sediment and Water'in Furnace Creek and Dennis Creek (and Garoutte Creek).

/femporal Study Boundaries
The specific date that ore was last processed at the site is not known except that ore processing

ended in the late 1960s.

The Decision Rule
The following statements describe the “‘decision rules” to apply to this investigation:

If the concentrations of contaminants in surface or subsurface mine wastes in the Main
Waste/Tailings Pile and/or in the vicinity of Old Ore Furnace and/or in the New Furnace
Area exceed EPA Region 9 PRGs and DEQ MASC:s, a hot spot removal and/or tailings
stabilization may be necessary as part of the Removal Action.

If a leachable form of mercury is found to be the dominant form of mercury within the
mine waste materials, then one pathway for mercury migration off site may be through
groundwater. If dissolved mercury is migrating off site along a groundwater pathway to
surface water, then hot spot removal at the source, or some form of groundwater
treatment, or capping of mine waste may be necessary as part of the Removal Action.

If contaminants are detected in groundwater at springs, this may indicate the
groundwater pathway is active, and requires further evaluation.

If contaminants are detected in adit water, this may indicate that the groundwater
pathway is active and requires further evaluation.
If sediment is shown to have total mercury concentrations exceeding EPA Region 9
PRGs for mercury and arsenic and surface water is shown to have total mercury
concentrations exceeding AWQC and DEQ Level II Screening Level values for mercury
and arsenic, then a hot spot removal of creek sediment may be appropriate as part of the
Removal Action. If methyl mercury and/or unstable forms of mercury are identified in
sediment and surface water, then a hot spot removal of creek sediment may be
appropriate as part of the Removal Action.
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’ﬁmits on Decision Error
The default decision errors presented in EPA’s soil screening guidance (EPA 1996) have been

selected for this investigation.

Design Optimization

ampling

All samples will be collected following applicable SOPs referenced in the 2003 E & E Generic
QAPP for Sampling at Removal Program Sites.

The objective of surface and subsurface mine waste/tailings samplmg is to characterize
the Main Waste/Tailings Pile, the Old Ore Furnace, and the New Furnace Area for total
mercury and arsenic. '

The objective of surface and subsurface mine waste/tailings sampling for selective
sequential extraction of mercury is to better understand the mechanism(s) of mercury
transport from the BBM site.

The objective of surface and subsurface mine waste/tailings sampling for SPLP analysis
is to determine the potential for mine waste/tailings to serve as a source of leachable
mercury, arsenic, and other metals to groundwater.

The objective of groundwater sampling at seeps/springs for total mercury and arsenic
analysis of is to determine if groundwater serves as a transport pathway for mercury
contamination from the BBM site.

The objective of sediment and surface water sampling from the Dennis Creek Aditand
“400-foot level” Adit for total mercury and arsenic is to determine if the Adits serve asa
source of contaminants to Dennis Creek and Furnace Creek.

The objective of sediment and surface water sampling from Dennis Creek, Furnace
Creek, and Garoutte Creek for total mercury, selective sequential extraction of mercury,
and methyl mercury is to further characterize sediment and surface water and to
determine the mechanism of transport to down stream receptors.

\_Séinpling Pattern

An average of one waste/tailings sample will be collected for every four feet of
continuous core. All waste/tailings samples will be field screened using an XRF
Analyzer. One of every ten waste/tailings samples will be submitted to a fixed
laboratory for confirmation analysis.

One of every ten waste/tailings samples will be submitted for selective sequentlal
extraction of mercury and SPLP analysis.

One groundwater sample will be collected from each seep/spring identified on site and
field screened using an XRF Analyzer and a Lumex Analyzer. Two seeps/springs are
expected to be identified.

One set of sediment and surface water samples from the Dennis Creek Adit and one set
from the “400-foot level” Adit-will be field screened using an XRF Analyzer and a
Lumex Analyzer.

One set of co-located sediment and surface water samples will be collected from the
following locations on Dennis Creek: background, downslope of Dennis Creek adit
(where adit flow might be expected to enter Dennis Creek during high flows), below
tailings, below mine road, at the confluence with Garoutte Creek. One set of co-located
sediment and surface water samples will be collected from the following locations on
Furnace Creek: background, below tailings, between tailings and confluence with
Garoutte Creek, and at the confluence with Garoutte Creek. One set of co-located
sediment and surface water samples will be collected from the following locations on

Black Butte Mine SSSP Revision 1.0, September 5, 2005
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Garoutte Creek: background, below Furnace Creek, below Dennis Creek. All sediment
and surface water samples will be field screened using an XRF Analyzer and a Lumex
Analyzer. One of every ten sediment and surface water samples will be submitted to a
fixed laboratory for confirmation analysis. '

. Three sediment samples will be submitted for selective sequential extraction of mercury
and methyl mercury analysis. If total mercury is identified in surface water, then thx:eé TWE
surface water samples will be submltted for methyl mercury analysis.

.-/j
-
~Numbers of Samples
. Sixty-four to 80 waste/tailings samples will be collected for field-screening. Ten percent

of the samples, or 8 samples, representing a range of concentrations will be sent to a
fixed laboratory for confirmation of field-screening results.

. Eight waste/tailings samples will be collected for selective sequential extraction of
mercury and SPLP analysis.

. Up to two groundwater samples are expected to be collected from sprmgs for field
screening.

. Two sets of sediment and surface water samples are expected to be collected from
Dennis Creek Adit and the “400-foot level” Adit for field screening.

. Twelve to fifteen co-located sediment and surface water samples will be collected for

field screening. Ten percent of the samples, or 2 samples, will be sent to a fixed
laboratory for confirmation of field-screening results.

. Three co-located surface water and sediment samples will be collected for mercury
speciation analysis. The surface water samples will be analyzed for methyl mercury and
the sediment samples will be submitted for selective sequential extraction of mercury.

“Types and Locations of Samples

- Samples will be collected from the DAs.

. Continuous cores of mine waste/tailings from 16 to 20 borings in the Main
Waste/Tailings pile, the Old Ore Furnace, and the New Furnace Area will be field
screened using X-ray fluorescence (XRF) techniques for total metals using a portable
NITON 700 series XRF analyzer. XRF techniques will facilitate more focused
‘collection of samples for fixed laboratory analysis. The use of XRF techniques reduces
laboratory analytical costs. Ten percent of samples field screened with an XRF will be
sent to a fixed laboratory for confirmation analysis. The XRF provides screening levels

: on other metals that may be present and of concern at the site. ‘

. Waste/tailings samples for selective sequential extraction of mercury will be selected at
the discretion of the field team based on the results of samples field screened using the
XRF and submitted to a fixed laboratory for analysis.

. Groundwater samples will be collected from two springs identified on site. Groundwater
will be field tested for pH, temperature, dissolved.oxygen, reduction_potential.and
conductivity. Groundwater samples will be field screened for total mercury and arsenic
utilizing a Lumex RA-915+ Mercury Analyzer.

. Sediment and surface water samples from Dennis Creek Adit and the *“400- foot level”
Adit will be field screened for total mercury and arsenic utilizing a portable NITON 700
series XRF analyzer and a Lumex RA-915+ Mercury Analyzer.

. Co-located sediment and surface water samples will be collected at background

“locations, Dennis Creek, Furnace Creek, and Garoutte Creek and field screened for total
mercury and arsenic utilizing a portable NITON 700 series XRF analyzer and a Lumex
RA-915+ Mercury Analyzer. Ten percent of samples will be sent to a fixed laboratory
for confirmation analysis. : :

Black Butte Mine SSSP Revision 1.0, Seelember 5, 2005 .
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Sediment samples for mercury speciation analysis and methyl mercury analysis will be

- selected at the discretion of the field team based on the results of samples field screened

using the XRF and/or Lumex analyzer(s) and submitted to a fixed laboratory for analysis.
Co-located surface water samplés will be submitted to a fixed laboratory for methyl

- mercury analysis.

\,Sample Matrix and Target Analytes

Waste/tailings samples will be field screened for total mercury and arsenic. A minimum
of 10% of the field samples will also be analyzed at a fixed laboratory for confirmation
purposes for TAL Metals by EPA Method 6000/7000 series.

Ten percent of waste/tailings samples w1ll be analyzed using selective sequentlal
extraction of mercury.

Ten percent of waste/tailings samples analyzed for SPLP Metals by EPA Method
1312/EPA 6000/7000 series.

Sediment and surface water samples will be field screened for total mercury and arsenic.
A minimum of 10% of the field samples will also be analyzed at a fixed laboratory for
confirmation purposes for TAL Metals by EPA Method 6000/7000 series.

Three sediment samples will be analyzed using selective extraction for mercury
speciation. In addition, the samples will be analyzed for methyl mercury.

"l;bfe'q éudacé water samples will be analyzed for methyl mercury.

Methods will be those referenced in the 2003 E & E Generic QAPP for Sampling at Removal
Program Sites and listed below. See Tables 2-1, 2-2, 2-3 and 2-4 for sample collection and analysis
information. The Sample Plan Alteration Form (a blank form is included at the end of this document)
will list project discrepancies (if any) that occurred between planned project activities listed in the final
SSSP and actual project work. :

Black Butte Mine SSSP Revision 1.0, September 5, 2005 ‘ 0 0 O -1 4
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Table 2-1

SAMPLE INFORMATION SUMMARY

BLACK BUTTE MINE
LANE COUNTY, OREGON
Measurement
Project Sampling Sample Classification Nonstandard
Sampling Parameter/ Design Design Selection (Critical/Non Method
Schedule® Limits" Rationale Assumptions Procedures Critical) Validation
Soll Total Hg, Ass/MDL To determine the Contaminants are | Samples will be Critical Per method
(mine waste/ Hg distribution of present in mine collected based
tailings) Speciation/MDL contaminants within waste/tailings on XRF field
SPLP Hg/MDL mine waste/tailings piles. Mine screening.
pile and their waste/tailings
mobility. pile is
heterogeneous.
Groundwater Total Hg, AssMDL | To determine if Hg Contaminants Samples will be Critical Per method
(springs and Hg and As are entering were released to collected from
adit water) Speciation/MDL surface water in the the water. springs
dissolved phase. : identified on or
near BBM.
Surface Total Hg, As To determine if Hg Contaminants Samples will be Critical Per method
Water (filtered and is present in surface were released to collected from
unfiltered)/MDL water in the surface water as potentially
Hg dissolved phase or dissolved Hg or contaminated
Speciation/MDL as suspended solids. | as Hg attached to areas and
suspended solids. background
locations.
Sediment Total Hg, Ass/MDL To determine if Contaminants Samples will be Critical Per method
Hg contaminants are were released to collected from
Speciation/MDL present in on- and the sediment. " potentially
off-site sediment. contaminated
area and
' background
L locations.

* All samples will be collected during the field event. The listed items are the media to be sampled in the decision areas.

* Detection limits will be CRQL for Contract Laboratory Program methods and MDL for field and commercial laboratory methods.
© As indicated from previous investigations at the site and from on-site observations. All locations will be determined by the OSC and START-2 Field Team.

Key:

As = Arsenic.

BBM = Black Butte Mine.

CRQL = Contract required detection limit.

Critical

Hg = Mercury.

MDL = Method detection limits.

NA = Not applicable.

Noncritical

SPLP = Synthetic Precipitate Leaching Procedure.

Black Butte Mine SSSP Revision 1.0, September 5, 2005
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‘T'able 2-2

SAMPLE ANALYSES SUMMARY

BLACK BUTTE MINE
LANE COUNTY, OREGON
. Location . b :
Matrix : Analytical Parameters/Method Sample Preservation Technical Holding Time* Sample Container(s)
Soil TBD As and Hg/EPA SW-846 Method 6200 Coolto4°C+2°C 180 days from collection One 8.~oz wide-mouth glass jar
(mine waste/ : . (28 days for mercury) with Teflon-lined lid
tailings) As and Hg/EPA SW-846 7000 Series
Methods
Hg Speciation/Lab Proprietary Method
SPLP Hg/EPA SW-846 Methods 1312
) "~ and 7471
Groundwater TBD As and Hg (Filtered and Unfiltered)/ Coolto4'C+2°C 180 days from collection One I-Liter Polyethylene bottle
(springs and EPA SW-846 7000 Series Methods HNO,topH <2 (28 days for mercury) with Teflon-lined lid
adit water)
‘ Methy! mercury/Lab Proprietary Method
Surface TBD As and Hg (Filtered and Unfiltered)/ Coolto4°C+2°C 180 days from collection One I-Liter Polyethylene bottle
Water - EPA SW-846 7000 Series Methods HNO,topH< 2 (28 days for mercury) with Teflon-lined lid
Methyl mercury/Lab Proprietary Method
Sediment TBD As and Hg/EPA SW-846 Method 6200 Coolto4°C+2°C 180 days from collection One 8-0z wide-mouth-glass jar
(28 days for mercury) with Teflon-lined lid
.As and Hg/EPA SW-846 7000 Series '
Methods
Hg Speciation/Lab Proprietary Method
¢ The number of samples presented is an estimate; the actual number of samples to be collected will be determined in the field.
° In general, preservation, holding times, and containers for soil and water TAL metals and VOCs are those listed under the associated analytical laboratory method.
¢ Technical holding times have been estabtished only for water matrices. Water and/or recommended holding times were apptied to air, sediment, soil, and product samples where applicable.
Key:
°C = Degrees celsius. oz = QOunce.
EPA = United States Environmental Protection Agency. - SPLP = Synthetic Precipitate Leaching
TBD =To be determined.

HNO, = Nitric acid.

The laboratories” DQOs for completeness and the field team's ability to meet the DQO for representativeness are set at 90%. Precision and accuracy requirements are outlined in Table 2-3.
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QA/QC ANALY'I ICAL SUMMARY and FIXED LABORATORY ANALYTICAL METHODS

Table 2-3

BLACK BUTTE MINE

LANE COUNTY, OREGON
Method Q[}\/ﬁ(l: sSeasn/‘Ig(e)nStl:i]lll?rzry Total Field
Description | Total Field Y and QA/QC Precision
/Detection Samples®/ Organic Inorganic Rinsate Trip Analyses/ "and
Laboratory Matrix Parameters/Method Limits Containers | MS/MSD" | MS/Dup® Blanks* Blanks® Containers* Accuracy
Field Analysis Soil/ Hg & As/ EPA SW-846 XRF/MDL 80/ NA NA NA NA NA 80/ NA NA
Sediment Method 6200

EPA Region 10 Soil/ TAL metals/EPA SW-846 AA/MDL 8/8 NA 1/0 NA NA 9/8 75%.- 125%

or Commercial Sediment 6000 and 7000 Series +35%

Laboratory Methods
Hg Speciation/Lab AA/MDL 8/8 NA 1/0 NA NA 9/8 Per Method
Proprietary Method

SPLP Hg/EPA SW-846 AA/MDL 8/8 NA 1/0 NA NA 9/8 75% - 125%

) Methods 1312 and 7471 . : +35%
o "{ . Water As and Hg (Ed#fred and AA/MDL 2/2 NA 171 NA NA 3/3 75% - 125%

a Unfiltered)/ +35%

EPA SW-846 7000 Series
Methods
Methyl mercury/Lab AA/MDL 2/12 NA 171 NA NA 3/3 Per Method
Proprietary Method
d

Total number of field samples is estimated.

b No extra volume is required for soil/sediment or product samples; for water samples, triple volume is required for organic analyses, and double volume is required for inorganic analyses. Sample
numbers are based on | matrix spike/matrix spike duplicate (MS/MSD) per 20 samples per matrix.
¢ The total number of rinsate samples could vary depending on the total number of samples collected. The sample nuimbers are based on one rinsate per 20 samples per nondedicated sampling device. Note that rinsate blanks
consist of water aliquots for both soil and water field samples.
d The total number of trip blanks could vary depending on the total number of sample shipments. This dumber is based on the estimated number of shipping containers. Note that trip blanks consist
of water aliquots for both soil and water field samples.

¢ Total analyses and coutainers includes both field and QA/QC aliquots to be submitted for fixed laboratory analysis. Note that trip blanks and rinsate blanks consist of water aliquots for both
soil and water field samples.

Key:

AA

EPA
MDL
jen )

(@)

Method detection limit

Atomic absorption furnace technique

= Environmental Protection Agency.

MS/MSD
NA
QA

1l

1t

Matrix spike/matrix spike duplicate.

Not applicable.

Quality assurance

QC
XRF

Quality control.

X-ray fluorescence.



.Table 2-4

SAMPLE CODING
BLACK BUTTE MINE
LANE COUNTY, OREGON

Digits

Descriptions Code Example

1,2

-PecisiomATET— MP (Main Waste/Taiiings Pile)
OF (Old Ore Furnace)
NF (New Furnace Area)

OA (Other ‘Areas of Potential Contamination)
CK (Sediment and Water in Furmace & Dennis Creeks)

34

Consecutive Sample Number 01 (First Sample of Decision Area)

5,6

Matrix Code SS (Soil)

SM (Source Material)
GW (Groundwater)
SW (Surface Water)

SD (Sediment)
QC (Quality Control)
WT (Water)

7.8

Consecutive Sample Number | 01 (First-sample-of-Matrix-Cods)

Bt ot Srwv_/u_e_@ Btz c,ﬁ
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Sample Plan Alieration Form

Project: Black Butte Mine

TDD Number: _05-04-0005

Changes from Final SSSP (include rationale, decision area, matrices, parameters, equipment, personnel,

etc.):

APPROVALS
Name - Title ~__Signgture ' Date

N

Marc Callaghan On Scene Coordinator A0y oL(/A/ﬂu r'\/ B S’D‘)L)é W24\
Erin Lynch_ START-2 Project Manager - / { } i '
Mark Woodke START-2 Quality Assurance Officer
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from: 4545 SW Dogwood Drive, Lake Oswego, OR to: Cottage Grove, OR - Google Maps  Page 1 of 1 B

Start 4545 SW Dogwood Dr
Lake Oswego, OR 97035

End Cottage Grove, OR
Travel 120 mi (about 2 hours 0 mins)

4545 SW Dogwood Dr
Lake Oswego, OR 97035

Drlve 120 mi (about 2 hours 0 mlns)

Head west on SW Dogwood Dr toward SW 0.2 mi
Sycamore Ave : »
= 2 Tum right at SW Sycamore Ave 0.2 mi
4 3. Turn left at SW Childs Rd ' 0.3 mi
’ 1 min
= 4. Turn right at Pilkington Rd 1.1 mi
. 2 mins
4= 5. Tumn left at Lower Boones Ferry Rd - 0.8 mi
B - ’ 2 mins
6. Turmn left to merge onto I-5 S toward Salem 115 mi
1 hour 50
_ . ming
7. Take the E Cottage Grove Conn exit 174 to 0.4 mi
Cottage Grove, keep following signs - 1 min
__ 8. Merge onto E Cottage Grove Conn 04mi |
4 9. Slight left at N Goshen-Divide Hwy 0.2mi R
. . — SM-:MAG . 12|
10. Continue on N 9th St _ 0.3 mi EU T ey =
4=11. Turn left at E Gibbs Ave . | 253 ft
= 12. Turn right at N 10th St , 289 ft
= 13. Slight right at N Lane St . 95 ft

@ Cottage Grove, OR

These directions are for planning purpoeses only. You may find that construction
projects, traffic, or other events may cause road conditions to differ from the map
results.

Map data ©2007 NAVTEQ™
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FIELD ACTIVITY LOGBOOKS

I

< © 1998 Ecology and Environment, Inc.

STANDARD OPERATING PROCEDURE

ecology and environment, inc.
368 Pleasant View Drive / Lancaster, New York 14086 / (716) 684-8060
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1. Summary

This Standard Operating Procedure (SOP) establishes requirements for the entry of in--
formation into logbooks to ensure that E & E field activities are properly documented. The pro-
ject manager (PM) and the field team leader (FTL) are responsible for ensuring that logbook en-
tries provide sufficient information for the completion of an accurate and detailed description of
field operations and meets the requirements of the contract or technical direction document
(TDD).

This SOP describes logbook entry requirements for all types of projects, specifies the
format that should be used, and provides examples. Some flexibility exists when implementing
the SOP because different types of projects require different data collection efforts. This SOP
does not address site safety logbook requirements or geotechnical logbook entries.

2. Purpose

Complete and accurate logbook entries are important for several reasons: to ensure that
data collection associated with field activities is sufficient to support the successful completion
of the project; to provide sufficient information so that someone not associated with the project
can independently reconstruct the field activities at a later date; to maintain quality control (QC)
. throughout the project; to document changes to or deviations from the work plan; to fulfill ad-
ministrative needs of the project; and to support potential legal proceedings associated with a
specific project.

2.1 Adequate Field Information/Quality Control

QC procedures for data collection begin with the complete and systematic documentation -
of all persons, duties, observations, activities, and decisions that take place during field activities.
It is especially important to fully document any deviations from the contract, project scope, work
plans, sampling plans, site safety plans, quality assurance (QA) procedures, personnel, and re-
sponsibilities, as well as the reasons for the deviations.

- Prior to entering the field, the project manager must indicate to the field team what perti-
nent information must be collected during field activity in order to meet the desired objectives of
the data collection effort. The PM is responsible for reviewing the adequacy of the project log-
books both during and following completion of field activities, and is also responsible for meet-
ing with the field team members to discuss any findings and to direct activities to correct any de-
ficiencies, as appropriate. The PM also has the responsibility of ensuring that the logbooks be-
come part of the project or TDD file.

2.2 Work Plan Changes/Deviation

The logbook is the document that describes implementation of the work plan and other
appropriate contract documents and provides the basis for the project reports. It must include
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B T P e i T A e eSS E

ELD ACTIVITY LOGBOOKS ]

detailed descriptions of any and all deviation from the work plan and the circumstances that ne-
cessitate such changes. These changes will be reviewed for compliance with data quahty objec-
tives and include:

B Changes in procedures agreed to in the project plannihg stages;

B Any conditions that prevent the completion of the field effort, or that
~ result in additional fieldwork must be noted (i.e., weather delays, gov-
ernment actions, physical obstructions, personnel/ equipment problems,
etc.). Persons from whom permission was obtained to make such
changes must be clearly documented. ‘

B Any modifications requested by the client or client's representative that
are contradictory to the contract or outside of the existing scope of
work must be documented in detail because the cost of the project
could be affected by such modifications.

2.3 Evidentiary Documentation

Field activity documentation can become evidence in civil and/or criminal judicial pro-
ceedings, as well as in administrative hearings. Field logbooks serve this purpose. Accordingly,
such documentation is subject to judicial or administrative review. More importantly, it is sub-
ject to the review of an opposing counsel who will attempt to discredit its evidentiary value.

The National Enforcement Investigation Center (NEIC) and the United States Environ-
mental Protection Agency (EPA) have prepared documents outlining their documentation needs
for legal proceedings. These guidelines indicate the importance of accurate and clear documen-
tation of information obtained during the inspections, investigations, and evaluations of uncon-
trolled hazardous waste sites. Consequently, attention to detail must be applied by E & E per-
sonnel to all field documentation efforts for all E & E projects. Project personnel must document
where, when, how, and from whom any vital project information was obtained. This information
is necessary to establish a proper foundation for admissible evidence.

3. Guidelines

Logbooks should contain a summary of any meeting or discussion held with a client or
with any federal, state, or other reguiatory agency that was on site during the field activities. The
logbook should also describe any other personnel that appear on site, such as representatives of a
potential responsible party (PRP).

The logbook can be used to support cost recovery activities. Data concerning site condi-
tions must be recorded before the response activity or the passage of time eliminates or alters
those conditions. Logbooks are also used to identify, locate, label, and track samples and their
final disposition. In addition, data recorded in the logbook will assist in the interpretation of the
analytical results.

Logbooks are subject to internal and external audits. Therefore, the recorded information

000 Zsﬁlould be consistent with apd capable of substantigting other site docpmeptation such as t'irne
YV “cards, expense reports, chain-of-custody forms, shipping papers, and invoices from suppliers and



subcontractors, etc. Logbooks also act as an important means of reconstructing events should
other field documents such as data collection forms become lost or destroyed. Therefore, all
mission-essential information should be duplicated in the logbook.

3.1 General Instructions

The following gener_alrguidelines must be used for all logbooks:

At a minimum, one separate field activity logbook must be maintained
for each project or TDD.

All logbooks must be bound and contain consecutively numbered
pages. '

No pages may be removed for any reason, even if they are partially
mutilated or illegible. '

All field activities must be recorded in the site logbook (e; g., meetings,
sampling; surveys, etc.).

All information must be printed legibly in the logbook using water-
proof ink, preferably black. If weather conditions do not permit this
(i.e., if it is too cold or too wet to write with ink), another medium,
such as pencil, may be used. The reason that waterproof ink was not
used should be specifically noted in the logbook.

The language used in the logbook should be objective, factual, and free
of personal feelings or terminology that might prove inappropriate.

Entries should be made in chronological order. Contemporaneous en-
tries are always preferred because recollections fade or change over
time. Observations that cannot be recorded during field activities
should be recorded as soon after as possible. If logbook entries are not
made during field activities, the time of the activity/ observation and
the time that it is recorded should be noted.

The first entry for each day will be made on a new, previously blank
page.

Each page should be dated and each entry should include the time that
the activity occurred based on the 24-hour clock (e.g., 0900 for 9 a.m.,
2100 for 9 p.m.).

At the completion of the field activity, the logbook must be returned to
the permanent project or TDD file.
00028




3.2 Format

The information presented below is not meant to be all-inclusive. Each project manager '
is responsible for determining the specific information requirements associated with a field activ-
ity logbook. If someone other than the Project Manager is keeping the logbook, the Project
Manager is responsible to-convey to that individual, prior to the start of fieldwork, specific in-
structions on what type of information is required to be entered into the logbook. Information
requirements will vary according to the nature and scope of the project. (Refer to Appendix A
for an example of a completed logbook.)

Title Page

The logbook title page should contain the following items:

Site name,

Location,

TDD No. or Job No., |

PAN (an EPA site/task identification number), if applicable,

SSID No. (Site ID nuﬁnber-assigned under CERCLA), if applicable,
Start/Finish date, and |

Book ___of

First Page .

The following items should appear on the first page of the logbook prior to daily field
activity entries:

TDD No. or Job No.,
Date,

Summary of proposed work (Reference work plan and contract décuméﬁts, as zippfd-
priate), :

Weather conditions,
Team members and duties, and

Time work began and time of arrival (24-hour clock).

020029



Successive Pages

In addition to specific activity entries and observations, the following items should ap-
pear on every logbook page:

B Date,
® TDD or Job No., and

B Signature (bottom of each page). If more than one person makes entries into the log-
book, each person should sign next to his or her entry.

Last Page

In addition to specific activity entries and observations and the items that should appear
on-each successive page, the last page of the logbook should contain a brief paragraph that sum-
marizes the work that was completed in the field. This summary can become especially impor-
tant later on if more or less work was accomplished during the duration of the field activity.

3.3 Correctiohs

If corrections are necessary, they must be made by drawing a single line through the
original entry in such a manner that it can still be read. Do not erase or render an incorrect no-
tation illegible. The corrected entry should be written beside the incorrect entry, and the correc-
tion must be initialed and dated. Most corrected errors will require a footnote explaining the cor-
rection.

4. Documentation

Although the requirements and content of the field logbook will vary according to the site
and the tasks to be performed, the following information should be included in every logbook:

4.1 Prior to Fieldwork
Summary of Proposed Work

The first paragraph of each da11y entry should summarize the work to be performed on
that day. For example: -

“Collect soil and groundwater samples from previously installed wells and ship
samples to Analytical Services Center (ASC). Discuss removal with site owner.”

The first paragraph becomes especially important later when discussing work plan devia-
tions or explaining why more or less work was accomplished for that day.
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Personnel

Each person to be involved in activities for the day, his/her respective role (sampler,
health and safety, etc.), and the agency he/she represents should be noted in the logbook.

On-Site Weather Conditions

Weather conditions may have an impact on the work to be performed or the amount of
time required to perform the proposed work; therefore, all weatheér on-site weather conditions
should be noted, including temperatures, wind speed and direction, precipitation, etc., and up-

dated as necessary. Similarly, any events that are impacted by weather conditions should be
noted in the logbook.

Site Safety Meeting

Although minutes should be recorded for all site safety meetings under separate cover,
the logbook should briefly summarize the site safety meeting and any specific site conditions and
resultant site safety concerns. '

4.2 Site Sketch
A site sketch should be prepared on the first day of field activities to indicate prominent
site and environmental features. The sketch should be made either to scale or by noting the ap-

proximate distances between site feature. Area-specific sketches should be prepared as work is
undertaken in such areas, and updated sketches should be drawn as work progresses.

Site Features
Examples of features to be noted on the site sketch include the following:

B Structures such as buildings or building debris;

B Drainage ditches or pathways, swales, and intermittent streams (include
direction of overland runoff flow and direction of stream flow);

B Access roads, site boundaries, and utility locations;
B Decontamination and staging areas;

B Adjacent property data: the type of property that borders the site, in-
" formation pertaining to ownership, and available addressees; and

B North arrow.
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Changes in Site Conditions

Any deviation from previous site sketches or drawings presented in the work plan, and
any changes that have occurred since the last site visit must be noted. Differences to be noted
include the following:

B Demolished buildings;

B Changes to access routes;

B - Damage to wells or equipment, or changes to the amount of such
equipment believed to be on site,

B Changes resulting from vandalism;
B Destruction of reference points;
B Changes resulting from environmental events or natural disasters; and

B [ocations of excavations, waste piles, investigation-derived waste
(IDW), drum staging areas, etc.

In short, any site condltlon that varies from the conditions described in the work plan
should be noted. '

4.3 Monitoring Equipment and Activities

Any monitoring equipment used during field activities should be documented in the log-
book. Information to be noted includes:

B The type of equipment with model and serial numbers. (HNu, OVA,
etc.);

B The frequency at which monitoring is performed;

B Calibration results and the frequency at which the equipment is cali-
brated or tested;

B Background readings;
B Any elevated or unusual readings; and
00032

B Any equipment malfunctions.

It 1s particularly important to note elevated or unusual equipment readings because they
could have an impact on personal protection levels or the activities to be performed on site. Ifa
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change in the proposed work or protection levels occurs, it should be clearly noted in the log-
book.

. 4.4 Sample Collection Activities
. Because it represents the first step in an accurate chain-of-custody procedure, field sam-
pling documentation must be complete. The following items should be documented in the log-
book: ‘

Sample Collection Procedures

The following items pertaining to sample collection procedures should be included in the
logbook: ' '

® Any pre-sampling activities (i.e., well purging and the number of volumes purged be-
fore sample collection);

. Results of the pre-sampling activities (i.e., pH/conductivity/ tempera-
‘ ture readings for well water, results of hazard categorization testing,
etc.);
B Any environmental conditions that make sample collection difficult or
impossible (i.e., dry or flooded drainage paths, inclement weather con-

- ditions, etc.); and

B Any deviation from the work plan (i.e., additional samples and the rea-
son for their collection, alternate sample locations, etc.).

Sample Information
The following information regarding sample data should be recorded in the logbook:

B Sample number and station location including relationship to perma-
-nent reference point(s); '

B Name(s) of sémpler(s);

B Sample description and any field ééreéning results;

B Sample matrix and number of aliquots if a composite sample;

B Preservatives used, recipient laboratory, and requested analyses;
u QA/QC samples; and

B Shipping paper (airbill) numbers, chain-of-custody form numbers, and 00033
‘jar lot numbers.



Investigation-Derived Waste/Sample Shipment

_ Details pertaining to sampling equipment, decontamination, and IDW should be clearly
delineated in the work plan. However, the following information should be included in the log-

The type of IDW generated an the number of containers generated
(each drum should be numbered and its contents noted);

All information relevant to the characterization of the IDW;,

Any directions received from the client/workplan/contract relative to
the management of the IDW;

The disposition of IDW (left on site or removed from site);

The number of sample containers shipped to the ASC or laboratory and
the courier used (i.e., Federal Express, Airborne Express, etc.);

Airbill or shipment tracking numbers; and

The type of paperwork that accompanied the waste/sample shipment
(e.g., manifests, etc.). '

4.5 PhotodocumentatiAon

Photographs should be taken during all relevant field activities to confirm the presence or

absence of contaminants encountered during fieldwork. Specific items to be documented in-

Sample locations and collection activities;

Site areas that have been disturbed or impacted, and any evidence of |

such impacts (i.e., stressed vegetation, seepage, discolored water, or
debris);

Hazardous materials requiring disposal, including materials that may
not appear in the work plan;

Any evidence that attests to the presence or absence of contamination;
and

Any features that do not appear in the work plan or differ from those
described in the work plan.



Documentation of any photographs taken during the course of the project must be pro-
vided in the logbook with a detailed description of what is shown in the photograph and the rea-
son for taking it. This documentation should include:

B Make, model, and serial numbers éf- fhe camera and lens,

B Film type and number of exposures,

® Roll and frame number of the photograph;

B Direction or view angle of the photograph, and

B Name of the photographer.
4.6 Data CoIIection Forms

Certain phases of fieldwork may require the use of project-specific data collection forms,
such as task data sheets or hazard categorization data sheets. Due to the specific nature of these
forms, the information that should be included in the logbook cannot be fully discussed in this

SOP. However, the following data should be included in the logbook:

B Results of any field tests or hazard categorization tests (i.e., ignitability,
corrosivity, reactivity, etc.);

B The source from which any field sample was collected and its condi-
tion (i.e., drum, tank, lagoon, etc.). :

B Other conclusions as a result of the data collected on data collection
forms.

In many cases,'rubber stamps that contain routine data collection forms can be manufac-
tured ahead of time. These forms can be stamped into the logbook on an as-needed basis.



Appendix A

Sample Logbook
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1. Introduction

This Standard Operating Procedure (SOP) describes the procedures for the collection of
representative sediment samples. Analysis of sediment samples may determine whether concen-
trations of specific pollutants exceed established threshold action levels, and whether the concen-
trations of pollutants present a risk to public health, welfare, or the environment.

2. Scope

Included in this discussion are procedures for obtaining representative samples, quality
assurance measures, proper documentatlon of sampling activities, and recommendations for per-
sonnel safety. : - -

3. Method Summary

Sediment samples may be recovered using a variety of methods and equipment. These
are dependent on 1) the depth of the water in which the samples will be collected; 2) the sedi-
ment’s characteristics; 3) the volume of sediment required; and 4) the type of sample required
(disturbed or undisturbed). Ultimately, the type of sampling device used should be consistent
with the objective of the study.

Near-surface sediment samples may be collected usmcy a scoop or spoon (if near shore or
in shallow water), or sediment dredge or grab sampler (if in deeper water) To obtain other than
surficial sediment samples, core samplers or split-spoon samplers are required.

All sampling devices should be cleaned using pesticide-grade acetone (assuming that ace-

“tone is not a target compound) or methanol, rinsed with distilled water, wrapped in aluminum
foil, and custody sealed for identification. The sampling equipment should remain in this wrap-
ping until needed. Each sampler should be used for one sample only. However, dedicated sam-
plers may be impractical if there are a large number of sediment sampies to be collected. In this
case, samplers should be cleaned in the field using the decontamination procedures outlined in
E & E’s Equipment Decontamination SOP.
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4. Sample Preservation, Containers,
| Handling, and Storage

The chemical preservation of sediments is not generally recommended. Refrigeration is
usually the best approach, supplemented by a minimal holding time. Sediment samples should
be handled according to standard techniques and project-specific requirements as detailed in pro-
ject work/sampling plans and quality assurance project plans.

5. Potential Problems

Potential problems with sediment sampling include cross-contamination of samples and
improper sample collection. Cross-contamination problems may be eliminated or minimized
through the use of dedicated sampling equipment and bottles. If this is not possible or practical,
then proper decontamination of sampling equipment is necessary. Improper sample collection
can involve using inadequate or inappropriate sampling devices, contaminated equipment, dis-
turbance of the matrix resulting in compaction of the sample, and inadequate homogenization of
the sample where required, resulting in variable, nonrepresentative results.

6. Equipmént

The following is a list of equipment and items typically used for 'sédﬁnent sarﬁpling:
m Sampling plan,
. m Sample location rhap,_
] Safefy equipment, as specified in the health and safety plan,
(] Compass,_
m Survey equipment,
m Tape measure,
m Camera,

m Four-ounce and eight-ounce glass jars with teflon liners,

2




40-ml glass vials with teflon-backed septum,

Plastic bags for sample jars,

Logbook,

Labels,

Waterproof ink pen, |

* Chain-of-custody forms,

Shipping cooler,

Decontamination supplies and equipment, as described in the work plan,
Canvas or plastic sheeting,

Stainless-steel scoops,

Stainless-steel spoons,

Stainless-steel nﬁxing bowls, or pans,

Hand-driven split-spoon sampler,

Shovel,

Stainless-‘steel hand auger,

Sediﬁent dredge/grab sampler,

Manual, gravity, or mechanical coring devices, and

Teflon beaker attached to a telescoping pole.

7. Reagents

Sediment sampling does not require the use of reagents except for decontamination of
equipment. Refer to E & E’s Equipment Decontamination SOP and the site-specific work plan
for proper decontamination procedures and appropriate solvents.
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8. Procedures

8.1 Office Preparation

Prepare a sampling plan in accordance with contract requirements. Conduct a litera-
ture and information search and review available background information (e.g., to-
pographic maps, soil survey maps, geological survey maps, other site reports, etc.) to
determine the extent of the sampling effort, the sampling methods to be employed,

-and the type and amounts of equipment and supplies required.

E & E corporate policy requires that a health and safety plan be prepared prior to
commencing any sampling activity. The plan must be approved and signed by the
corporate health and safety officer or his/her designee (e.g., the regional safety coor-
dinator [RSC)). '

Obtain necessary sampling and monitoring equipment (see Section 6), and ensure that
everything is in working order.

Contact delivery service to confirm ability to ship all equipment and samples. De-
termine whether shipping restrictions exist.

Prepare schedules and coordinate with staff, clients, property owners, and regulatory
agencies, if appropriate.

8.2 Field Preparation

Identify local suppliers of sampling expendables and overnight delivery services (e.g.
Federal Express)

Decontaminate or preclean all equipment before sediment sampling, as described in
E & E’s Equipment Decontamination SOP, or as deemed necessary.

-Calibrate all health & safety monitoring equipment daily.

A general site survey should be performed prior to site entry, in accordance with the
health and safety plan. A site safety meeting identifying physical and chemical haz-
ards should be conducted prior to sampling activities.

Identify and mark all sampling locations. If required, the proposed locations may be
adjusted based on site access, property boundaries, and surface obstructions. All lo-
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cations must be cleared of utilities by the property owner or utility companies prior to
sediment sampling.

.8.3 Sample Collection

Numerous techniques and sampling devices may be empioyed to collect representative
sediment samples. A number of sampling-related factors can contribute to the loss of sample
integrity, including washout of fine-grained sediments during retrieval; compaction due to sam-
ple wall friction; and sampling vessel- or person-induced disturbance of surficial layers. Choos-
ing the most appropriate sediment sampler for a study will depend on the sediment’s characteris-
tics, the volume and efficiency required, and the objectives of the study.

Most samples will be grab samples, although occasionally, sediment taken from various
locations may be combined into one composue sample to reduce the amount of analytical sup-
port required.

The following procedure is used to collect surface sediment samples from small, low-
flowing streams or near the shore of a pond or lake:

1. The sampler should select the sampling location furthest downstream for
the first sample and work upstream. This will reduce the potential for dis-
turbed sediments from migrating down to unsampled locations. This
technique will also reduce the chances of cross-contaminating subsequent
samples by sampling first in areas of suspected low contamination and
working to the suspected higher concentration areas.

2. Using a precleaned, stainless-steel scoop, spoon, or other appropriate de-
vice, remove the required volume of sediment from the desired surface in-
terval (e.g., O-inch to 6-inch), place the sample in the appropriate pre-
cleaned glass jar, decant excess liquid as necessary, and secure the teflon-
lined lid to the jar. If the sample is to be a composite sample, or if the
sample is to be homogenized, the sediment is first placed in a stainless-
steel mixing bowl and is homogenized prior to placement in the glass
sample container. Samples for volatile organic analysis are not homoge-
nized. Samples are handled in accordance with project-specific require-
ments.

3. Carefully and clearly identify the jar with the appropriate sample label,
ensuring that all the categories or parameters listed in Section 10.1.1 have
been addressed. Place a custody seal on the jar and lid, secure the seal in
place with clear tape, and refrigerate the sarnple The clear tape should
also cover the jar’s label.

4. Use the chain-of-custody form to document the types and number of
sediment samples collected for shipment to a laboratory for analyses.
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5. In the field logbook record the time and date of sample collection, as well
as a description of the sample and any associated air monitoring meas-
urements.

Decontaminate sampling equipment in accordance with E & E’s Equip-
ment Decontamination SOP.

The following procedure is used to collect subsurface sediment samples from small, low-
flowing streams or near the shore of a pond or lake:

L.

The sampler should select the sampling location farthest downstream for
the first sample and work upstream. This will reduce the potential for dis-
turbed sediments from migrating downstream to unsampled locations, and
will also reduce the chances of cross-contaminating subsequent samples.

Using a precleaned split-spoon sampler or other hollow coring device,
drive the sampler to the required depth with a smooth continuous motion.
Remove the coring device by rotating and lifting it in a single smooth mo-
tion until the sampler is free from the sediment.

Before the sediment sample can be removed from the sampling device,
the overlying water must be removed from the sampler by slowly pouring
or siphoning it off near one side of the sampler. Care should be taken to
ensure that the sediments are not disturbed, and that the fine-grained
surficial sediment and organic matter are not lost while removing the
overlying water.

Disassemble the split-spoon sampler by placing pipe wrenches on either
end of the sampler. Remove both ends and open the split spoon with a
precleaned stainless-steel spoon. Recover the sediment core from a core
tube by pushing the sample out with a precleaned stainless-steel spoon.

Collect the necessary sample by cutting the core with the handle of a pre-
cleaned stainless-steel spoon, placing the sample in the appropriate pre-
cleaned glass jar, and securing the teflon-lined lid to the jar. Samples are
handled in accordance with project-specific requirements.

Carefully and clearly label the jar with the appropnate sample tag, ensur-
ing that all of the categories or parameters listed in Section 10.1.1 have
been addressed. Place a custody seal on the jar and lid, and secure the
seal in place with clear tape.

Use the chain-of-custody form to document the types and number of
sediment samples collected and logged.
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8. Record the time and date of sample collection, as well as a description of
the sample and any associated air monitoring measurements, in the field
logbook.

9. Decontaminate sampling equipment as per E & E’s Equipment Decon-
tamination SOP.

The following procedure is used to collect surface samples from rivers or from deeper
lakes and ponds:

1. The sampler should select the sampling location farthest downstream for
the first sample and work upstream. This will reduce the potential for dis-
turbed sediments to migrate downstream to unsampled locations.

2. Using a precleaned sediment dredge or grab sampler, lower the sampler to
the sediment layer with a polypropylene rope. Depending on the type of
sampler used, the jaws of the sediment dredge will either automancally
close, or will be triggered with a weighted messenger.

3. Recover the sampler and empty the sediment sample into a precleaned
stainless-steel bowl. The water layer should be decanted slowly until only
sediment remains in the bowl.

- 4. Using a precleaned stainless-steel spoon, remove the required volume of
sediment. Place the sample in the appropriate precleaned glass jar, and
secure the Teflon-lined lid to the jar.

5. Carefully and clearly identify the jar with the appropriate sample label,
ensuring that all of the categories or parameters listed in Section 10.1.1
have been addressed. Place a custody seal on the jar and lid, and secure
the seal in place with clear tape. The clear tape should cover the sample
label. :

6. Use the chain-of-custody form to document the types and number of
sediment samples collected for shipment to a laboratory for analyses.

7. Record the time and date of sample collection, as well as a description of
the sampl d any associated air monitoring measurements, in the field
logbook ‘

8. Decontaminate sampling equipment in accordance with E & E’s Equip-
ment Decontamination SOP.

The following procedure is used to collect subsurface samples from rivers or from deeper
lakes and ponds:
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The sampler should select the sampling location farthest downstream for
the first sample and work upstream. This will reduce the potential for dis-
turbed sediments to migrate downstream to unsampled locations.

Attach a precleaned gravity or mechanical coring device to the required
length of polypropylene sample line and-allow the corer to freefall
through the water to the bottom.

Determine the depth of sediment penetration, and if acceptable, retneve
the corer with a smooth, continuous lifting motion.

Remove the overlying water from the corer by slowly pouring or siphon-
ing it off near one side of the sampler. Remove the nosepiece from the
corer, and slide the sample out of the corer into a stainless-steel bowl or
tray.

Collect the necessary sample by cutting the core with the handle of a
stainless-steel spoon, placing the sample in the appropriate precleaned
glass jar, and securing the teflon-lined lid to the jar. Samples are handled
in accordance with project-specific requirements.

Carefully and clearly label the jar with the appropriate sample tag, ensur-
ing that all of the categories or parameters listed in Section 10.1.1 have
been addressed. Place a custody seal on the jar and lid, and secure the
seal in place with clear tape.

Use the chain-of-custody form to document the types and number of
sediment samples collected for shipment to a laboratory for analyses.

Record the time and date of sample collection, as well as a description of
the sample and any associated air monitoring measurements, in the field
logbook.

Decontaminate sampling equipment in accordance with E & E’s Equip-
ment Decontamination SOP.

8.4 Postoperations

Decontaminate all equipment according to E & E’s Equipment Decon-
tamination SOP prior to shipping the equipment back to the warehouse.

Organize field notes into the report format required by E & E’s Field Re-
port Preparation SOP. Logbooks should be maintained according to
E & E% Field Activities Log Book SOP.
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‘3. All samples should be shipped on the same day that they were collected to
arrive at the laboratory not more than 24 hours after the samples were col-
lected in accordance with E & E’s Sample Packaging SOP.

9. Calculations

There are no specific calculations required for sediment sampling.

10. Quality Assurance

10.1 Sample Documentation
10.1.1 Sediment Sample Label

All sediment samples shall be documented in accordance with standard labeling tech-
niques and project-specific requirements. The sediment sample label is completed to the fullest
possible extent, prior to collecting the sample, and should contain the following minimum infor-
mation:

m Site name or identification;
m Sample location and identifier;

m Date sample was collected in a day, month, year format (e.g., 03 JUN 91 for June 3,
1991);

& Time of sample collection, using 24-hour clock in the hours: minutes format; and
®  Analysis required.
10.1.2 Logbook

A bound field logbook will be maintained by field personnel to record daily activities in
accordance with E & E’s Field Activities Logbooks SOP and include sample collection, tracking,
and shipping information. A separate entry will be made for each sample collected. These en-

tries should include information from the sample label and a complete description of the location
from which the sediment sample was collected.
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10.1.3 Chain-of-Custody

Use the chain-of-custody form to document the types and number of sediment samples
collected and logged.

10.2 S'ampling Plan Design

m  Many of the activities critical to ensuring that the collected samples are of high qual-
ity take place in the pre-collection planning and preparation stage. Careful planning
and attention to detail at this stage will result in a more successful sampling effort,
and will ensure collection of the highest quality samples possible. Since site and
sampling conditions vary widely, and no universal sampling procedure can be rec-
ommended, a detailed sampling plan, consistent with the objectives of the study, must
be developed prior to any-sampling activities.

= Any of the sampling methods described here should allow a representative sediment
sample to be obtained if the sampling plan is properly designed.

m  Consideration must also be given to the collection of a sample representative of all
horizons present in the sediment. Selection of the proper sampling device will facili-
tate this procedure. '

m A stringent quality assurance project plan (QAPP) should be outlined before any
sampling operation is attempted. This should include, but not be limited to, the use of
properly cleaned samplers and sample containers, chain-of-custody procedures, and
collection of quality assurance samples such as field blanks, trip blanks, and duplicate
samples.

11. Data Validation

The data generated will be reviewed according to quality assurance (QA) considerations
identified in Section 10.

12. Health and Safety

Depending on site-specific contaminants, various protective programs must be imple-
mented prior to sediment sampling. The site safety plan should be reviewed with specific em-
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phasis placed on a protection program planned for direct contact tasks. Standard safe operating
practices should be followed, including minimizing contact with potential contaminants in both
vapor and solid matrix by using both respirators and disposable clothing.

Use appropriate safe work practices for the type of contaminant expected (or determined
from previous sampling efforts):

Particulate or Metals Contaminants

m  Avoid skin contact with and incidental ingestion of dust. Wash hands and other ex-
posed skin areas routinely.

& Use protective gloves when coliecting and handling the sediment samples.
Volatile Organic Contaminants
m  Hexane acts as a carrier for a number of semivolatile organic compounds. The pres-
ence of hexane vapors in the air while decontaminating samplers indicates that the

potential for exposure exists.

m If monitoring results indicate the presence of organic vapors, sampling activities must
be conducted in Level C protection.

m Acetone can penetrate some types of surgical gloves; use the appropriate gloves, such
as Scorpio neoprene gloves, when handling acetone.
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1. Introduction

Liquid and solid environmental samples are routinely collected by E & E during field
surveys, site investigations, and other site visits for laboratory analysis. Unless the samples have
anesthetic, noxious, or other properties that could inhibit the ability of a flight crew member to
perform his or her duty or are known to meet the established U.S. Department of Transportation
criteria for hazardous material (i.e., explosive, corrosive, flammable, poisonous), they are not
regulated as hazardous materials.

This Standard Operating Procedure (SOP) describes the packaging procedures to be used
by E & E’s staff to ensure the safe arrival of the samples at the laboratory for analyses. These
procedures have been developed to reduce the risk of damage to the samples (i.e., breakage of
‘the sample containers), promote the maintenance of sample temperature within the cooler, and
prevent spillage of the sampled material should a container be broken.

In the event the sample material meets the established criteria of a DOT hazardous ma-
tenal, the reader is referred to E & E’s Hazardous Materials/Dangerous Goods Shipping Guid-
ance Manual (see H&S 5.5).

2. Scdpe

This SOP describes procedures for the packaging of environmental samples in:

Coolers;
Steel, aluminum and plastic drums; and

4GV fiberboard boxes.

The Hazardous Materials/Dangerous Goods Shipping Guidance Manual will complete
the information needed for shipping samples by providing guidance on:

Hazard determination for samples Wthh meet the USDOT definition of a hazardous
materxal

Shipping profiles for “standard” shipments;

Shipping procedures for “non-standard” shipments;
Marking of packages containing hazardous materials;
Labeling of packages containing hazardous materials; and.

Preparation of shipping papers for hazardous materials shipment.
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3. Sample Packaging Procedures

3.1 General

It1s E & E’s intent to package samples so securely that there is no chance of leakage dur-
ing shipment. This is to prevent the loss of samples and the expenditure of funds for emergency
responses to spills and the efforts necessary to re-obtain the sample.

Over the years, E & E has developed several “standard” package configurations for the

shipping of environmental samples. These standard package configurations are described below.

Liquid samples are particularly vulnerable. Because transporters (carriers) do not know
the difference between a package leaking distilled water and a package leaking a hazardous
chemical, they will react to a spill in an emergency fashion, potentially causing enormous ex-
pense to E & E for the cleanup of the sample material. Therefore, liquids are to be packed in
multiple layers of plastic bags and absorbent/cushioning material to preclude any possibility of
leaks from a package. This section defines the standard packaging configurations for environ- -
mental samples. '

3.2 Liquid Environmental Sample Packaging Procedures

Liquid environmental samples should be collected and preserved as outlined in the Stan-
dard Operating Procedures (SOP) for Surface Water Sampling (ENV 3.12), and Groundwater
Well Sampling (ENV 3.7). Preserved water samples are not considered to meet the HM/DG
definitions of Class 8 (Corrosive) due to the preservative and are therefore considered to be
nonhazardous samples. Liquid environmental samples may be shipped using an 80-quart cooler
or an outer package consisting of either a steel or aluminum drum. Because the steel and alumi-
num drums provide little insulating capability, they should not be used for samples that require
icing.

Packaging Liquid Environmental Samples Using the 80-Quart Cooler
m Label and seal all water sample bottles according to appropriate sampling SOPs;
m Secure the bottle caps using fiberglass tape; and

m  Place each amber, poly, and volatile organic analysis (VOA) bottle in a sealable plas-
tic bag. Mark the temperature blank VOA bag for identification.

If a foam block insert is used:
m Line the cooler with two plastic bags;
m Place a foam insert (with holes cut to receive the sample bottles) inside the plastic

bag;
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Place the bottles in the holes in the foam block;

Fill void spaces with bagged ice to the top of the cooler;
Fold over the plastic bags lining the cooler and secure shut with tape;

Place Chain-of-Custody (C-O-C) form in a sealable bag and tape it to the inside of the
- cooler 1id; and

Secure the cooler with strapping tape and custody seal. Cover the custody seals with
clear tape.

If acceptable absorbent material is used:

m Place 1 inch of inert absorbent material in the bottom of the cooler;
Line the cooler with two plastic bags;
'Place each sample bottle inside the inner bag;

Fill the void spaces around the bottles with absorbent to about half the height of the
large bottles;

Fill the remainder of the void spaces with bagged ice to within 4 inches of the top of
the cooler, making sure the VOAs are in direct contact with a bag of ice;

Fold over the plastic bags lining the cooler and secure shut with tape;
Fill the remaining space in the cooler with absorbent to the top of the cooler;

Place C-O-C form in a sealable bag and tape it to the inside of the cooler 1id; and

Secure the cooler with strappmg tape and custody seal. Cover the custody seals with

clear tape.

Note: Acceptable absorbent materials must not react dangerously with the liquid and include
vermiculite only if certified asbestos free.

Alternate Packaging Using 1A2/1B2 Drum

m Place 3 inches of inert absorbent material in the bottom of the drum;

m Line the drum with two plastic bags;

m Place each sample bottle inside the inner bag;

. 00062

[N STt BN



A < e

August 2008

.‘
3
i ‘l N
by ety b

.mfffu«HL 15ttt P

= Fill the void spaces around the bottles with absorbent to the height of the larger bot-
tles; .

m Fold over the plastic bags lining the drum and secure shut with tape;
‘m Fill the remaining space in the drum with absorbent to the top of the drum;
m Place C-O-C form in a sealable bag and tape it to the inside of the drum lid; and

m  Secure the drum with closing ring and apply custody seals. Cover the custody seals
with clear tape.

3.3 Soil/Sediment Environmental Sample Packaging Procedures

Soil/sediment environmental samples should be collected as outlined in the SOP for Soil
Sampling (ENV 3.13), and SOP for Sediment Sampling (ENV 3.8).. Soil/sediment environmen-
tal samples may be shipped using an 80-quart cooler, a 4GV fiberboard combination package, or
an outer package consisting of either a steel or aluminum drum. Because the steel and aluminum
drums provide little insulating capability, they should not be used for samples that require icing.
Packaging Soil/Sediment Environmental Samples

m Label and seal each sample container according to SOPs;

m Secure the bottle caps using fiberglass tape;

m Place each sample bottie inside a sealable plastic bag and place it in its original ship-

ping box or in individual fiberboard boxes. Mark the temperature blank bag for iden-

tification; and

m Secure the original shipping box with strapping tape, place shlppmo box in a plastic
bag, and secure the plastic bag with tape.

If an 80-quart cooler is used:
m Place bubble pack or similar materiai on the bottom and sides of an 80-quart cooler;

m Place the bagged shipping boxes in the cooler with a layer of bubble pack between
each box;

m Fill the void spaces with “blue ice” or ice in baggies to the top of the cooler;

m Place C-O-C form in a sealable baggie and tape it to the inside of the cooler lid; and
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m Secure the cooler with strapping tape and custody seal. Cover the seals with clear -
tape.

Ifa 1A2/1B2 drum is used:
m Place 3 inches of inert absorbent material in the bottom of the drum;
m Line the drum with two plastic garbage bags;
m  Place the boxes inside the inner bag;
m Fill the space around the samples with absorbent;
m Fold over the plastic bags lining the drum and secure shut with tape;
. mFill the remaining space around the bags with absorbent to the tbp of the drum;
m Place C-O-C form in a sealable bag and tape it to the inside of the drum lid; and

m Secure the drum with the closing ring and apply custody seals. Cover the custody
seals with clear tape.

Note: If a small number of samples are being shipped, it may be more practical to pack-
age them using the absorbent or foam block configurations used for shipping lig-
uid samples.

4. Shipping Procedures

Environmental samples are to be shipped as nonhazardous cargo. Unless the samples
have anesthetic, noxious, or other properties that could inhibit the ability of a flight crew member
to perform his or her duty or are known to meet the established U.S. Department of Transporta-

_tion criteria for a hazardous material (i.e., explosive, corrosive, flammable, poisonous), they are
not regulated as hazardous materials. When preparing the containers (i.e., cooler, drum, or box)
for shipment, E & E staff must remove all labels from the outside container. Labels indicating
that the contents may be hazardous are misleading and are not appropriate. Markings indicating
ownership of the container, destination, and chain of custody labels are acceptable and can be
attached as required. :

When completing the paperwork for shipment, the standard nonhazardous forms must be
used. Do not use the hazardous materials/dangerous goods airbills, either in total or in part; these
forms are coded and their use will invite unnecessary questions. This will only serve to confuse
DHL or Federal Express’ terminal personnel and will cause much frustration and the delay of
sample shipment.

Environmental sample packages can be shipped overnight by both DHL and Federal Ex-
press. When choosing between the two, cost should be considered. It is normally much cheaper
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to ship DHL. In addition, DHL tends to have remote locations open later in the evenings than
Federal Express, which may be helpful when trying to complete a full day’s sampling effort and
still make the flights on time. Although both companies offer pickup of samples at the site, it is
advisable to call ahead and ensure that this service is offered beforehand. In almost all cases,
both companies will deliver to the laboratory of your choice on Saturdays. When planning for

- sampling activities, check with the companies in advance to verify pick-up and delivery sche-
dules.
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1. Introduction

This Standard Operating Procedure (SOP) outlines recommended procedures and equip-
ment for the collection of representative liquid samples (aqueous and nonaqueous) from streams,
rivers, lakes, ponds, lagoons, and surface impoundments both at the surface and at various depths
in the water column. This SOP does not pertain to the collection of groundwater samples.

2. Method Summary

Sampling situations vary widely and therefore, no universal sampling procedure can be
recommended. A sampling plan must be completed before any sampling operation is attempted.
The sampling plan should include objectives of the study, the number and type of samples re-
quired to meet these objectives, and procedures to collect these samples based on site
characteristics.

The sampling of both aqueous and nonaqueous liquids from the above-mentioned sources
is generally accomplished through the use of one of the following:

m  Kemmerer bottle,
m Bacon bomb,

m Dip sampler, .or
m Direct method.

These sampling techniques will allow for the collection of representative samples from
the majority of surface water types and impoundments encountered.

3. Potential Problems

There are two primary potential problems associated with surface water sampling: cross-
-contamination of samples, and improper sample collection.

Cross-contamination problems can be eliminated or minimized through the use of dedi-
cated sampling equipment and bottles. If this is not possible or practical, then decontamination
of sampling equipment is necessary. See E & E’s SOP on Equipment Decontamination
(ENV 3.15).

Improper sample collection can involve using contaminated equipment, disturbance of
stream or impoundment substrate, and sampling in a disturbed area such as that caused by a boat
wake. Following proper decontamination procedures and minimizing disturbance of the sample
site will minimize or eliminate these problems.
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4. Equipment
Equipment needed for collecting surface water samples includes:
m Kemmerer bottle,
= Bacon bomb,
m Dip sampler,
m Line and messengers,
m Sample bottles, preservative, ziploc bags, ice, coolers,
[ ] Chéin—of—custody seals and forms, ﬁeid data sheets,
m Decontamination equipment,
m Protective cioth’mg,
m Maps/plot plan,
m Safety equipment,
‘. Compass,:
m Tape measure,
m Survey stakes, flags, or buoys and anchors,
m Camera and film,
m Logbook, and |

m Sample bottle labels.

5. Reagents
Reagents are commonly used to preserve samples and to decontaminate sampling equip-
ment. Appropriate preservation and decontamination procedures should be selected prior to field

sampling.

Preservatives commonly used include:
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m Nitric acid (HNO;) for metals analyses,

m Sodium hydroxide (NaOH) for cyanide analysis,
m Sulfuric acid (H,SO4) for TRPH analysis, and

m Hydrochloric acid (HCI) for VOC analysis.
Decontamination reagents include:

m Nitric acid (HNO»),

m Acetone, and

m Deionized or distilled water.

6. Health and Safety

Personal safety is always the most important factor in any sampling operation. Sampling
under unknown conditions should always be con51dered worst case, necessitating the selection of
appropriate personal protection.

When sampling lagoons or surface lmpoundments containing known or suspected haz-
ardous substances, adequate precautions must be taken to ensure the safety of sampling person-
nel. The sampling team member collecting the sample should not get too close to the edge of the
impoundment, where bank failure may cause him/her to lose their balance. The person perform-
ing the sampling should be on a lifeline and wearing adequate protective equipment.

When conducting sampling from a boat in an impoundment or flowing waters, appropri-
ate boating safety procedures will be followed.

7. Procedures
7.1 Sampling Considerations
7.1.1 Preparation
| Prior to the initiation of any sampling operation, the immediate area should be checked
for radioactivity, volatile organic compounds (VOCs), photoionization potential, airborne dust,

and explosivity, as required by the Site Safety Plan. The following steps should then be taken:

m Determine the extent of the sampling effort, the sampling methods to be employed,
and the equipment and supplies needed;
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m Obtain necessary sampling and monitoring equipment;
®  Decontaminate or preclean equipment, and ensure that it is in working order;

s Prepare scheduh’hg and coordinate with staff, clients, and regulatory agency, if appro-
priate; and

m  Use stakes, flags, or buoys and anchors to identify and mark all sampling locations.
If required, the proposed locations may be adjusted based on site access, property
boundaries, and surface obstructions.

7.1.2 Representative Samples

In order to collect a representative sample, the hydrology and morphology of a stream or
impoundment should be determined prior to sampling. This will aid in determining the presence
of phases or layers in lagoons or impoundments, flow patterns in streams, and appropriate sam-
ple locations and depths. Addltlonal information can be found in the references listed in Sec-

~ tion 12.

Generally, the deciding factors in the selection of a sampling device for surface water
sampling are:

m The depth and ﬂow of surface water body,

m Location from wheré the sample will be collected, and

m The depth at which thé sample(s) is to be collected.
7.1.3 Sampler Composition

The sampling device must be constructed of the approbriéte materials. Samplers con-
structed of glass, stainless steel, PVC, or PFTE (teflon) should be used, depending on the types

of analyses to be performed (i.e., samples to be analyzed for metals should not be collected in
metallic containers). '

7.2 Sample Collection

7.2.1 Kemmerer-Bottle

A Kemmerer bottle may be used in most situations where site access 1s from a boat or
structure such as a bridge or pier, and where samples at depth are required. Sampling procedures
are as follows:

00073



m Using a properly decontaminated Kemmerer bottle, set the sampling device so that
the sampling end pieces are pulled away from the sampling tube, allowing the sub-
stance to pass through this tube;

= Slowly lower the preset sampling device to the predetermined depth. Avoid bottom
disturbance;

m  When the Kemmerer bottle is at the required depth, send down the messenger, closing
the sampling device; and

m Retrieve the sampler. Transfer sample to sample container.
7.2.2 Bacon Bomb

* This type of sampler may be used in situations similar to those outlmed for the Kemmerer
bottle. Sampling procedures are as follows:

m  Lower the bacon bomb sampler carefully to the desired depth, allowing the line for
the trigger to remain slack at all times. When the desired depth 1s reached, pull the
trigger line until taut; and

m Release the trigger line and retrieve the sampler. Transfer the sample to the sample
container by pulling on the trigger.

7.2.3 Dip Sampler

A dip sampler is useful for situations in which a sample is to be recovered from an outfall
pipe, such as through a storm sewer grating, or along a lagoon bank where direct accessibility 1s
limited. The long handle on such a device allows access from a discrete location. The procedure
is as follows:

m Assemble the device in accordance with the manufacturer's instructions,

m Extend the device to the sample location and collect the sample, and

m  Retrieve the sampler.
7.2.4 Direct Method

For streams, rivers, lakes, and other surface waters, the direct method may be utilized to
collect water samples from the surface. This method is not to be used for sampling lagoons or
other impoundments where contact with contaminants is a concern.

Using adequate protective clothing (i.e., gloves and hip waders), access the sampling sta-

tion by appropriate means (wading or boat). For shallow stream stations, collect the sample un-
der the water surface pointing the sample container upstream. The container must also be up-
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stream of the collector. Avoid disturbing the substrate. For lakes and other impoundments, col-
lect the sample under the water surface avoiding surface debris and the boat wake.

8. Sample Preservation, Containers,
Handling, and Storage

Sample preservation, sample containers, sample handling, and sample storage are critical
concerns for many types of analyses. Once the analyses to be performed are determined, E & E's
SOP on sample packaging and shipping should be consulted to determine the above parameters.
This must be completed prior to field sampling.

Once the samples have been collected, the following procedure should be followed:

~ w  Transfer the sample(s) into suitable and labeled sample containers;

m Preserve the sample, if appropriate;

m Cap and put a custody seal on the container, package appropriately, and place in an
iced cooler 1f required;

m Record all pertinent data in the field logbook and on a field data sheet;
m Complete chain-of-custody record and sample analysis request form;
m Attach custody seals to cooler prior to shipment; and

m Decontaminate all sampling equipment prior to the collection of additional samples.

9. Calculations

This procedure does not involve specific calculations.

10. Quality Assurance

There are no specific quality assurance (QA) activities that apply to the implementation
of these procedures. However, the following general QA procedures apply:

® All data must be documented on field data sheets or within field or site logbooks;

m All instrumentation must be operated in accordance with operating instructions as
supplied by the manufacturer unless otherwise specified in the work plan. Equipment
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checkout and calibration activities must occur prior to sampling or operation and must
be documented; and

m  All deliverables will receive a peer review prior to release.

11. Data Validation

The data generated will be reviewed according to the QA considerations listed in Sec-
tion 9. : .

12. References

U.S: Environmental Protection Agency, 1991, Compendium: of ERT Surface Water and Sea’zment
Sampling Procedures, Interim Final, OSWER Directive 9360.4-03.

, 1984, Characterization of Hazardous Waste Sites - A Methods Manual: Volume 1
Avazlable Sampling Methods, (an ed.), EPA/600/4-84-076.

U.S. Geological Survey, 1977, National Handbook on Recommended Methods for Water Data
Acquisition, Office of Water Data Coordination, Reston, Virginia.
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1. Introduction

This document describes the procedures for the collection of representative soil samples.
Representative sampling ensures the accurate characterization of site conditions. Analysis of soil
samples may determine pollutant concentrations and the accornpanymc risks to public health,
welfare, or the environment.

2. Scope

Included in this discussion are procedures for obtaining representative samples, quality
assurance/quality control (QA/QC) measures, proper documentation of sampling activities, and
recommendations for personnel safety.

3. Method Summary

Soil samples may be recovered using a variety of methods and equipment. These are de-
pendent on the depth of the desired sample, the type of sample required (disturbed vs. undis-
-turbed), and the soil type.

Samples of near-surface soils may be easily obtained using a spade stainless-steel spoon,
trowel, or scoop. Sampling at greater depths may be performed using a hand auger; a power au-

ger; or, if a test pit is required, a backhoe.

- All sampling devices should be cleaned using pesticide-grade acetone (assurmn0 that ace-
tone is not a target compound) or methanol, then wrapped in clean aluminum foil, and custody
sealed for identification. The sampling equipment should remain in this wrapping until it is
needed. Each sampler should be used for one sample only. However, dedicated tools may be
impractical if there is a large number of soil samples required. In this case, samplers should be
cleaned in the field using standard decontamination procedures as outlined in E & E’s Standard
Operating Procedure (SOP) for Sampling Equipment Decontamination (see ENV 3.15).

4. Sample Preservation, Containers, Handling, and
Storage
~ The chemical preservation of solids is not generally recommended. Refrigeration is usu-
ally the best approach, supplemented by a minimal holding time.

Soil samples should be handled according to the procedures outlined in E & E’s SOP for
Sample Packaging (see ENV 3.16).
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5. Potential Problems

Potential problems with soil sampling include cross-contamination of samples and im-
-proper sample collection. Cross-contamination problems can be eliminated or minimized
through the use of dedicated sampling equipment and bottles. If this is not possible or practical,
then decontamination of sampling equipment is necessary. Improper sample collection is gener-
ally the result of the use of contaminated equipment; the disturbance of the matrix, resuiting in
compaction of the sample; and inadequate homogenization of the sample where required, result-
ing in variable, nonrepresentative results. Specific advantages and disadvantages of soil sam-
pling equipment are presented in Table 5-1.

rer

Soft surface soil |

cult to use in stony, dry, or sandy soil.

Scoop, trowel, spoon,
or spatula

Soft surface soil

Inexpensive; easy to use and decontaminate; trow-
els with painted surfaces should be avoided.

Tulip bulb planter

Soft soil, O to 6 inches

Easy to use and decontaminate; uniform diameter
and sample volume; preserves soil core (suitable
for volatile organic analysis (VOA) and undis-
turbed sample collection); limited depth capabil-
ity; not useful for hard soils. '

Spade or shovel

Medium soil, Oto 12
inches

Easy to use and decontaminate; inexpensive; can
result in sample mixing and loss of volatile or-
ganic compounds (VOCs). '

Vehimeyer soil outfit

Soil, 0 to 10 feet

Difficult to drive into dense or hard material; can
be difficult to pull from ground.

Soil coring device and
auger

Soft soil, 0 to 24 inches

Relatively easy to use; preserves soil core (suit-
able for VOA and undisturbed sample collection);
limited depth capability; can be difficult to decon-
taminate.

Thin-walled tube
sampler

Soft soil, 0 to 10 feet

Easy to use; preserves soil core (suitable for VOA
and undisturbed sample collection); may be used
to help maintain integrity of VOA samples; easy
to decontaminate; can be difficult to remove cores
from sampier.

Split-spoon sampler

Soil, 0 inches to bed-
rock

Excellent depth range; preserves soil core (suit-
able for VOA and undisturbed sample collection);
acetate sleeve may be used to help maintain integ-
rity of VOA samples; useful for hard soils; often
used in conjunction with drill rig for obtaining
deep cores.
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Soft si, 0 inches to
bedrock '

" Shelby tube sampler

able for VOA and undisturbed sample collection);
tube may be used to ship sample to lab undis-
turbed; may be used in conjunction with drill rig
for obtaining deep cores and for permeability test-
ing; not durable in rocky soils.

Laskey sampler Soil, 0 inches to bed-

rock

Excellent depth range; preserves soil cores; used
in conjunction with drill rig for obtaining deep
core; can be difficult to decontaminate,

Bucket auger Soft soil, 3 inches to

10 feet

Easy to use; good depth range; uniform diameter
and sampie volume; acetate sleeve may be used to
help maintain integrity of VOA samples; may dis-
rupt and mix soil horizons greater than 6 inches in
thickness.

| Hand-operated power | Soil, 6 inches to 15 feet

auger

Good depth range; generally used in conjunction
with bucket auger for sample collection; destroys
soil core (unsuitable for VOA and undisturbed
sample collection); requires two or more equip-
ment operators; can be difficult to decontaminate;
requires gasoline-powered engine (potential for
cross-contamination).

Soil, 0 inches to bed-
rock

Continuous-flight au-
ger

Excellent depth range; easy to decontaminate; can
be used on all soil samples; results in soil mixing
and loss of VOCs.

Dutch auger Designed specifically
for wet, fibrous, or
rooted soils (e.g.,

marshes)

Eijkelcamp stoney soil | Stoney soils and asphalt

auger
Backhoe Soil, 0 inches to 10 feet | Good depth range; provides visual indications as
: to depth of contaminants; allows for recovery of
samples at specific depths; can result in loss of
VOCs and soil mixing; shoring required at depth.
Note: Samplers may not be suitable for soils with coarse fragments.

" Augers are suitable for soils with limited coarse fragments; only the stoney auger will work well in very gravelly soil.

6. Soil Sampling Equipment

Soil Sampling Equipment List

m Stainless-steel spoon
m Trner

® Scoop

m Trowel
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Spatula

Stainless-steel tulip bulb planter
Spade or shovel

Vehlmeyer soil sampler outfit

-~ tubes

- points

- drive head

- drop hammer

- fuller jack and grip
Soil-coring device
Thin-walled tube sampler
Spht spoon sampler

Shelby tube sampler

Laskey sampler

Bucket anger

Hand-operated power auger
Continuous-flight auger
Dutch auger '
Eijkelcamp stoney soil anger
Backhoe

Hand auger with replaceable sleeves

Sampiing Support Equipment and Documentation List

Sampling plan

Sample location map

Safety equipment, as specified in the Health and Safety Plan
Decontamination supplies and equipment, as described in the Work Plan
Compass

Tape measure

Survey stakes or flags

Camera

Stainless-steel buckets or bowls
Sample containers, precleaned (e.g., I-Chem)
Logbook
Chain-of-custody forms
Plastic sheet
* Soil gas probes
Infiltrometer
Pounding sleeve
Extension rods
T-handle
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Labeling, Packaging, and Shipping Supplies

Coolers

Labels for sample containers and coolers (e.g., “fraglle”)

Ice

Plastic bags for sample containers and ice

ESC paint cans and clamps for polychlorinated biphenyl sampling
Vermiculite (only if certified asbestos free) or other absorbent
Duct and strapping tape

Federal Express airbills and pouches

6.1 Geophysical Equipment

-Geophysical techniques can be integrated with field analytical and soil sampling equip-
ment to help define areas of subsurface contamination. For a description of the geophysical
techniques and associated applications, refer to E & E’s SOP for Surface Geophys1ca1 Tech-
niques (see GEO 4 2) ,

7. Reagents

This procedures does not require the use of reagents except for decontamination of
equipment, as required. Refer to E & E’s SOP for Sampling Equipment Decontamination (see
ENV 3.15) and the Site- Spemﬁc Work Plan for proper decontamination procedures and appro-
priate solvents.

8. Procedures

8.1 Office Preparation

1. The preparation of a Health and Safety Plan is required prior to any sampling. The
plan must be approved and signed by the Corporate Health and Safety Officer or
his/her designee (i.e., the Regional Safety Coordinator).

2. Prepare a Sampling Plan to meet the data quality objectives of the project in accor-
dance with contract requirements. Review available background information (i.e., to-
pographic maps, soil survey maps, geologic maps, other site reports, etc.) to deter-
mine the extent of the sampling effort, the sampling method to be employed, and the
type and amounts of equipment and supplies required.

3. Obtain necessary sampling and monitoring equipment (see Section 6), decontaminate
or preclean the equipment, and ensure that it is in working order.
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4. Contact the delivery service to confirm the ability to Shlp all equipment and samples
Determine whether shipping restrictions exist.

5. Prepare schedules and coordinate with staff, clients, and regulatory agencies, if ap-
propriate.

8.2 Field Preparation

1. Identlfy local supphers of sampling expendables (e.g., ice and plastic bags) and over-
night delivery services (e.g., Federal Express).

!\)

Decontaminate or preclean all equipment before soil sampling, as described in
E & E’s SOP for Sampling Equ1pment Decontamination (see ENV 3. 13) or as
deemed necessary.

3. A general site survey should be performed prior to site entry in accordance with the
Health and Safety Plan, followed by a site safety meeting.

4. Identify and stake all sampling locations. If required, the proposed locations may be
adjusted based on site access, property boundaries, and surface obstructions. All
staked locations will be utility-cleared by the property owner or field team prior to
soil sampling.

8.3 Representative Sample Collection

The objective of representative sampling is to ensure that a sample or group of samples
adequately reflects site conditions.

8.3.1 Sampling Approaches

It 1s important to select an appropriate sampling approach for accurate characterization of
site conditions. Each approach is defined below. Table 8-1 summarizes the following sampling
approaches and ranks them from most to least suitable based on the sampling objective.

8.3.1.1 Judgmental Sampling

Judgmental sampling is based on the subjective selection of sampling locations relative to
historical site information, on-site investigation (site walk-over), etc. There is no randomization
associated with this sampling approach because samples are collected primarily at areas of sus-
pected highest contaminant concentrations. Therefore, any statistical calculations based on the
sampling results would be unfairly biased.
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Establish Threat 1 4 3 2° 3 3 2
Identify Sources 1 4 2 2° 2 2 3
Delineate Extent of 4 3 3 1° 1 1 1
Contamination

Evaluate Treatment and 3 3 1 2 2 4 . 2
Disposal Options .

Confirm Cleanup | 4 1 3] . 1 1 1 1¢

Preferred approach. B

Acceptable approach.

Moderately acceptable approach.

Least acceptable approach.

Should be used with field analytical screening.

Preferred only where known trends are present.

Allows for statistical support of cleanup verification if sampling over entire site.

0 .o B S W —

8.3.1.2 Random Sampling

Random sampling involves the arbitrary collection of samples within a defined area. Re-
fer to EPA 1984 and EPA 1989 for a random number table and guidelines on selecting sample
coordinates. The arbitrary selection of sample locations requires each sample location to be cho-
sen independently so that results in all locations within the area of concern have an equal chance
of being selected. To facilitate statistical probabilities of contaminant concentration, the area of
concern must be homogeneous with respect to the parameters being monitored. Thus, the higher
the degree of heterogeneity, the less the random sampling approach will reflect site conditions
(see Figure 8-1).

8.3.1.3 . Stratified Random Sampling

Stratified random sampling relies primarily on historical information and prior analytical
_results to divide the area of concern into smaller sampling areas, or “strata.” Strata can be de-
fined by several factors, including sampling depth, contaminant concentration levels, and con-
taminant source areas. Sampling locations should be selected within a strata using random selec-
tion procedures (see Figure §-2).

8.3.1.4 Systematic Grid Sampling

Systematic grid sampling involves the division of the area of concern into smaller sam-
pling areas using a square or triangular grid.- Samples are then collected from the intersections of
the grid lines, or “nodes.” The origin and direction for placement of the grid should be selected
by using an initial random point. The distance between nodes is dependent upon the size of the
area of concern and the number of samples to be collected (see Figure 8-3).
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8.3.1.5 Systematic Random Sampling

Systematic random sampling involves dividing the area of concern into smaller sampling
areas as described in Section 8.3.1.4. Samples are collected within each grid cell using random
selection procedures (see Figure 8-4).

8.3.1.6 Biased-Search Sampling

Search sampling utilizes.a systematic grid or systematic random sampling approach to
define areas where contaminants exceed cleanup standards (i.e., hot spots). The distance be-
tween the grid lines and number of samples to be collected are dependent uponthe acceptable
level of error (i.e., the chance of missing a hot spot). This sampling approach requires that as-
sumptions be made regarding the size, shape, and depth of hot spots (see Figure 8-5).

8.3.1.7 Transect Sampling

Transect sampling involves establishing one or more transect lines, parallel or nonparal-
 lel, across the area of concern. If the lines are parallel, this sampling approach is similar to sys-
tematic grid sampling. The advantage of transect sampling over systematic grid sampling 1s the
relative ease of establishing and relocating transect lines as opposed to an entire grid. Samples
are collected at regular intervals along the transect line at the surface and/or at a specified
depth(s). The distance between the sample locations is determined by the length of the line and
the number of samples to be collected (see Figure 8-6). :
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Figure 8-6 Transect Sampling
After EPA, February 1989
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Sample Area Boundary
8 Selected Samplé Location
@ Sample Location
Samples

Collection of samples from near-surface soil can be accomplished with tools such as
spades, spoons, shovels, and scoops. The surface material can be removed to the required depth
with this equipment; stainless-steel or plastic scoops can then be used to collect the sample.

This method can be used in most soil types, but is limited to sampling near-surface areas.
Accurate, representative samples can be collected with this procedure, depending on the care and
precision demonstrated by the sampling technician. The use of a flat, pointed mason trowel to
cut a block of the desired soil can be helpful when undisturbed profiles are required (e.g., for
volatile organic analyses [VOAs]). A stainless-steel scoop, lab spoon, or plastic spoon will suf-
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fice in most other applications. Care should be exercised to avoid the use of devices plated with
chrome or other materials, as is common with garden implements such as potting trowels.

Soil samples are collected using the following procedure:

1. Carefully remove the top layer of soil to the desired sample depth with a precleaned
spade; -

)

Using a precleaned, stainless-steel scoop, spoon, trowel, or plastic spoon, remove and
discard the thin layer of soil from the area that came into contact with the shovel,

3. Transfer the sample into an appropriate container using a stainless-steel or plastic lab
spoon or equivalent. If composite samples are to be collected, place the soil sample
in a stainless-steel or plastic bucket and mix thoroughly to obtain a homogeneous
sample representative of the entire sampling interval. Place the soil samples into la-
beled containers. (Caution: Never composite VOA samples);

4. VOA samples should be collected directly from the bottom of the hole before mixing
the sample to minimize volatilization of contaminants;

5. Check to ensure that the VOA vial Teflon liner is present in the cap, if required. Fill
the VOA vial fully to the top to reduce headspace. Secure the cap tightly. The
chemical preservation of solids is generally not recommended. Refrigeration is usu-
ally the best approach, supplemented by a minimal holding time;

6. Ensure that a sufficient sample size has been collected for the desued analysis, as
specified in the Sampling Plan;

7. Decontaminate equipment between samples according to E & E’s SOP for Sampling
Equipment Decontamination (see ENV 3.15); and

8. Fill in the hole and replace grass turf, if necessary.

QA/QC samples should be collected as specified, according to the Work Plan.

8.3.3 Sampling at Depth with Augers and Thin-Walled Tube Samplers

This system consists of an augér, a series of extensions; a T-handle, and a thin-walled
tube. The auger is used to bore a hole to a desired sampling depth and is then withdrawn. The
auger tip is then replaced with a tube core sampler, lowered down the borehole, and driven into
the soil to the completion depth. The core is then withdrawn and the sample is collected.

Several augers are available, including bucket type, continuous-flight (screw), and post-
hole augers. Because they provide a large volume of sample in a short time, bucket types are
better for direct sample recovery. When continuous-flight augers are used, the sample can be
collected directly off the flights, usually at 5-foot intervals. The continuous-flight augers are sat-
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isfactory for use when a composite of the complete soil column is desired. Posthole augers have
limited utility for sample collection because they are designed to cut through fibrous, rooted,
swampy Soil.

The following procedures will be used for collecting soil samples with the hand auger:

1.

2.

10.

Attach the auger bit to a drill rod extension, and attach the T-handle to the drill rod.

Clear the area to be sampled of any surface debris (e.g., twigs, rocks, and litter). It
may be advisable to remove the first 3 to 6 inches of surface soil from an area ap-
proximately 6 inches in radius around the drilling location.

Begin augering, periodically removing and depositing accumulated soils onto a can-
vas or plastic sheet spread near the hole. This prevents accidental brushing of loose
material back down the borehole when removing the auger or adding drill rods. It
also facilitates refilling the hole and avoids possible contamination of the surrounding
area.

After reaching the desired depth, slowly and carefully remove the auger from the bor-
ing. When sampling directly from the auger, collect the sample after the auger is re-
moved from the boring and proceed to Step 11.

A precleaned stainless-steel auger sleeve can also be used to collect a sample. After
reaching the desired sampling depth, remove the auger and place the sleeve inside the
auger. Collect the sample with the auger. Remove the auger from the boring. The
sample will be collected only from the sleeve. The soil from the auger tip should
never be used for the sample.

Remove the auger tip from the dill rods and replace with a precleaned thin-walled
tube sampler. Install the proper cutting tip.

Carefully lower the tube sampler down the borehole. Gradually force the tube sam-
pler into the soil. Care should be taken to avoid scraping the borehole sides. Avoid
hammering the drill rods to facilitate coring, because the vibrations may cause the
boring wallis to collapse.

. Remove the tube sampler and unscrew the drill rods.

Remove the cutting tip and core from the device.

Discard the top of the core (approximately 1 inch), because this represents material
collected before penetration of the layer in question. Place the remaining core into
the sample container.
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If required, ensure that a Teflon liner is present in the cap. Secure the cap tightly onto
the sample container. Place the sample bottle in a plastic bag and put on ice to keep
the sample at 4°Celsius.

. Carefully and clearly label the container with the appropriate sample tag, addressing

all the categories or parameters listed in E & E’s SOP for Sample Packaging and

~Shipping (see ENV 3.16).

Use the chain-of-custody form to document the types and numbers of soil samples
collected and logged. Verify that the chain-of-custody form is correctly and com-
pletely filled out. ' '

Record the time and date of sample collection, as well as a description of the sample,
in the field logbook. '

If another sample is to be collected in the sample hole, but at a greater depth, re-attach
the auger bit to the dnll and assembly, and follow Steps 3 through 11, making sure to
decontaminate the auger and tube sampler between samples.

Abandon the hole according to applicable regulations. Generally, shallow holes can
simply be backfilled with the removed soil material.

Decontaminate the sampling equipment per E & E’s SOP for Sampling Equipment
Decontamination (see ENV 3.15). '

8.3.4 Sampling at Depth with a Trier

1.

o

Insert the trier into the material to be sampled at a 0° to 45° angle from horizontal.
This orientation minimizes the spillage of sample material. Extraction of samples
may require tilting of the containers.

Rotate the trier once or twice to cut a core of material.

Slowly withdraw the trier, making sure that the slot is facing upward.

Transfer the sample into a suitable container with the aid of a spatula and brush.

If required, ensure that a Teflon liner is present in-the cap:-l-Secure the cap tightly onto
the sample container. Samples are handled in accordance with E & E’s SOP for Sam-
ple Packaging and Shipping (see ENV 3.16).

Carefully and clearly label the container with the appropriate sample tag, addressing

all the categories or parameters listed in E & E’s SOP for Sample Packaging and
Shipping (see ENV 3.16).

0206395
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7. Use the chain-of-custody form to document the types and numbers of soil samples
collected and logged.

8. Record the time and date of sample collection as well as a description of the sample
and any associated air monitoring measurements in the field logbook.

9. Abandon the hole according to applicable regulations. Generally, shallow holes can
simply be backfilled with the removed soil material.

10. Decontaminate sampling'equipment per E & E’s SOP for Sampling Equipment De-
contamination (see ENV 3.15).

8.3.5 Sampling at Depth with-a Split-Spoon (Barrel) Sampler

The procedure for split-spoon sampling describes the extraction of undisturbed soil cores
of 18 or 24 inches in length. A series of consecutive.cores may be sampled to give a complete
soil column, or an auger may be used to drill down to the desired depth for sampling. The split
spoon is then driven to its sampling depth through the bottom of the augured hole and the core
extraction.

This sampling device may be used to collect information such as soil density. All work
should be performed in accordance with American Society for Testing and Materials (ASTM)
D 1586-84, Penetration Test and Split Barrel Sampling of Soils.

1. Assemble the sampler by aligning both sides of the barrel and then screwing the bit
on the bottom and the heavier head piece on top. Install a retaining cap in the head
piece if necessary.

2. Place the sampler in a perpendicular position on the sample material.

3. Using a sledge hammer or well ring, if available, drive the tube. Do not drive past the
bottom of the head piece because compression of the sample will result.

4. Record the length of the tube used to penetrate the material being sampled and the
number of blows required to obtain this depth.

5. Withdraw the split spoon and open by unscrewing the bit and head. If a split sample
is desired, a clean stainless-steel knife should be used.to divide the tube contents in
half, lengthwise. This sampler is available in 2- and 3.5-inch diameters. The required
sample volume may dictate the use of the larger barrel. If needed, stainless-steel or
Teflon sleeves can be used inside the split-spoon. If sleeves removed from the split-
spoon are capped immediately, volatilization of contaminants can be reduced. When
split-spoon sampling is performed to gain geologic information, all work should be
performed in accordance with ASTM D 1586-67 (reapproved in 1974).
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6. Cap the sample container, place in a double plastic bag, and attach the label and cus-
tody seal. Record all pertinent data in the field logbook and complete the sample
analysis request form and chain-of-custody record before collecting the next sample.

7. If required, preserve or place the sample on ice.

8. Follow proper decontamination procedures and deliver samples to the laboratory for
analysis. - :

8.3.6 Test Pit/Trench Excavation

‘These relatively large excavations are used to remove sections of soils when detailed ex-
amination of soil characteristics (horizontal, structure, color, etc.) is required. It is the least cost-
effective sampling method because of the relatively high cost of backhoe operation.

1. Prior to any excavations with a backhoe, it is important to ensure that all sampling lo-
cations are clear of utility lines and poles (subsurface as well as above surface).

2. Using the backhoe, a trench is dug to approximately 3 feet in width and approxi-
mately 1 foot below the cleared sampling depth. Place removed or excavated soils on
canvas or plastic sheets, if necessary. Trenches greater than 4 feet deep must be
sloped or protected by a shoring system, as required by Occupational Safety and
Health Administration (OSHA) regulations.

3. A shovel is used to remove a 1- to 2-inch layer of soil from the vertical face of the pit
where sampling is to be done.

4. Samples are collected using a trowel, scoop, or coring device at the desired intervals.
Be sure to scrape the vertical face at the point of sampling to remove any soil that
may have fallen from above, and to expose soil for sampling. Samples are removed
and placed in an appropriate container.

5. If required, ensure that a Teflon liner is present in the cap. Secure the cap tightly onto
the sample container. Samples are handled in accordance with E & E’s SOP for Sam-
ple Packaging and Shipping (see ENV 3.16). '

6. Carefully and clearly label the container with the appropriate sample tag, addressing
all the categories or parameters listed in E & E’s SOP for Sample Packaomo and
Shipping (see ENV 3.16).

7. Use the chain-of-custody form to document the types and numbers of soil samples
collected and logged.

8. Record the time and date of sample collection as well as a description of the sample
~ and any associated air monitoring measurements in the field logbook.
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9. Abandon the hole according to applicable state regulations. Generally, excavated
holes can simply be backfilled with the removed soil material.

10. Decontaminate sampling equipment, including the backhoe bucket, per E & E’s SOP
for Sampling Equipment Decontamination (see ENV 3.15).

8.4 Sample Preparation

In addition to sampling equipment, representative sample collection includes sample
quantity, volume, preservation, and holding time (see Table 8-2). Sample preparation refers to
all aspects of sample handling after collection. How a sample is prepared can affect its represen-
tativeness. For example, homogenizing can result in a loss of volatiles and is therefore inappro-
priate when volatile contaminants are the concern.

8.4.1 Sample Quantity and Volume

The volume and number of samples necessary for site characterization will vary accord-
ing to the budget, project schedule, and sampling approach.

8.4.2 Sample Preservation and Holding Time

Sample preservation and holding times are as discussed in Section 4.
8.4.3 Removing Extraneous Material

Discard materials in a sample that are not relevant for site or sample characterization
(e.g., glass, rocks, and leaves), because their presence may introduce an error in analytical proce-
dures. '
8.4.4 Homogenizing Samples

Homogenizing is the mixing of a sample to provide a uniform distribution of the con-
taminants. Proper homogenization ensures that the containerized samples are representative of
the total soil sample collected. All samples to be composited or split should be homogenized

after all aliquots have been combined. Do not homogenize samples for volatile compound
analysis.
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(o}
(Jan)

66

14 days from
date sampled

14 days from
date sampled

One 40-mL
vial; no air

Two 40-mL
vials; no air

Two 40-mL
vials; no air

Cool 0 4°C
(ice in cooler)

Add HCI until
pH <2 and cool

space space space to 4° (ice in
: . cooler)
Semi-VOA (BNAs)® | 14 days to 7 days to ex- 30g|IL 8-0z. glass jar | Y2-gallonam- | Cool to 4°C Cool to 4°C
“lextract from tract from date with Teflon- ber glass bottle |(ice in cooler) |(ice in cooler)
date sampled |sampled lined cap
PCBs"* 14 days (o 7 days to ex- 30g(lIL 4-o0z. glass jar | Va-gallon am- | Cootl to 4°C Cool 0 4°C
extract from tract from date with Tellon- = | ber glass bottle | (ice in cooler) |(ice in cooler)
date sampled  |sampled lined cap
Pesticides/PCBs™* {4 days to 7 days to ex- - 30g|IL 8-0z. glass jar | Y2-gallon am- | Cool to 4°C Cool 10 4°C
ex(ract from tract from date with Teflon- ber glass bottle | (ice in cooler) |(ice in cooler)
date sampled  |sampled lined cap
Metals® 6 months from |6 months from 10 g| 300 mL 8-0z. glass jar | |-L polyethyl- [Cool to 4°C © | Add HNO;
. date sampled | date sampled with Teflon- ene bottle with |(ice in cooler) |until pH <2 and
lined cap polyethylene- cool to 4°C (ice
' A : lined cap in cooler)
Cyanide® 14 days fromm | 14 days from 10 g| 100 mL 8-0z. glass jar | [-L polyethyl- |Cool to 4°C Add NaOH
date sampled date sampled with Teflon- ene bottle with |(ice in cooler) |until pH >12
: lined cap polyethylene- and cool to 4°C
A lined cap (ice in cooler)
Hexavalent 24 hours from |24 hours {rom 10g|50 mL 8-0z. glass jar | [25-mL poly- |Cool to 4°C Cool to 4°C
chromiuny’ time sampled  [time sampled with Teflon- ethylene bottle |(ice in cooler) |(ice in cooler)
lined cap with polyethyl-
‘ ‘ ene-lined cap
Total Organic Car- |NA’ 28 days from 5g|10mL 8-oz. glass jar | [25-mL poly- |Cool to 4°C Add H,;SO,
bon (TOC)" date sampled with Teflon- ethyleue bottle |(ice in cooler) |until pH <2 and
lined cap with polyethyl- cool to 4°C (ice
o ene-lined cap in cooler)
Total Organic Hal- | NA 7 days from 100 g [ 200 mL 8-oz. glass jar [ [-L amber Cool to 4°C Add H;SO4

ides (TOX)

date sampled

with Teflon-
lined cap

glass bottle

(ice in cooler)

until pH <2 and | |

cool (o 4°C (ice
in cooler)
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vz

date received

date received

vial; no air

vials; no air

vials; no air

(ice in cooler)

le 28 days from |28 days from "S0g|lL 8-0z. glass jar | I-1. amber Cool to 4°C dd H,50,
Petroleum Hydrocar- | date sampled | date sampled ' with Teflon- glass bottle (ice in cooler) |until pH <2 and
bons* lined cap cool to 4°C (ice
. in cooler)
EPA-CLP
VOA® 10 days from | 10 days from 15 g| One 40-mL Two 40-mL Two 40-mL Cool to 4°C Add HC] until -
date received date received - ['vial; no air vials; no air vials; no air (ice in cooler) [pH <2 and cool
space space space 1o 4°C (ice in
cooler)
Semi-VOA (BNAs)® | 10 days to ex- |5 days to ex- 0g|lL 8-0z. glass jar | %-gallon am- | Cool to 4°C Cool to 4°C
tract from date |tract from date with Teflon- ber glass boltle | (ice in cooler) |(ice in cooler)
_ received received lined cap
PCBs™® 10 days to ex- |5 days lo ex- 30g|LL 4-0z. glass jar | Y-gallonam- | Cool to 4°C Cool 10 4°C
tract from date | tract from date with Teflon- ber glass bottle |(ice in cooler) |(ice in cooler)
received recejved lined cap :
Pesticides/PCBs®* 10 days to ex- |5 days to ex- 30g|1L 8-0z. glass jar | %-gallonam- |Cool (0 4°C Cool to 4°C
tract from date | tract from date with Tellon- ber glass bolttle |(ice in cooler) |(ice in cooler)
received received lined cap
Metals® 6 months from |6 months from 10 g|300 mL 8-0z. glass jar | 1-L polyethyl- |Cool to 4°C Add HNO; to
date sampled | date sampled with Teflon- ene bottle with |(ice in cooler) |pH <2 and cool
lined cap polyethylene- 10 4°C (ice in
) lined cap cooler)
Cyanide® 12 days from |12 days from 10g| 100 mL 8-0z. glass jar | I-L polyethyl- |Cool to 4°C Add NaOH to
date received |dale received with Teflon- ene bottle with |(ice in cooler) |[pH >12 and
lined cap polyethylene- cool to 4°C (ice
| ' lined cap in cooler)
NYSDEC-CLP »
voa© 7 days from 10 days from 15 g| One 40-mL Two 40-mL Two 40-mL Cool 104°C Add HC! until

pH <2 and cool
to 4°C (ice in

space space space
. cooler)
Semi-VOA (BNAs)® |5 daystoex- |5 days to ex- 0g|IL 8-0z. glass jar |V2-gallonam- | Cool to 4°C Cool to 4°C
tract from date |[tract from date with Teflon- ber glass botile |(ice in cooler) [(ice in cooler)
received received lined cap
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Cool to 4°C

Sdaystoex- 15 days to ex- 4-0z. glass jar | Y%- gallon am- Cool lo 4°C
‘[ tract from date |tract from date with Tefion- ber glass bolttie | (ice in cooler) |(ice in cooler)
received received lined cap
Pesticides/PCBs™® 5 days to ex- 5 days o ex- 30g(IL 8-0z. glass jar |%-gallon am- | Cool to 4°C Cool to 4°C
tract from date |tract from date wilh Teflon- ber glass bottle | (ice in cooler) |(ice in cooler)
received received lined cap '
Meials® 6 months from |6 months {rom 10 g| 300 mL 8-0z. glass jar | |I-L polyethyl- | Cool to 4°C Add HNO; to
date sampled | date sampled with Teflon- ene boltle with |(ice in cooler) |pH <2 and cool
lined cap polyethylene- 10 4°C (ice in
fined cap cooler)
Cyanide® 12 days from 12 days from 10g (100 mL 8-0z. glass jar | I-L polyethyl- | Cool to 4°C Add NaOH to
date received | date received with Teflon- ene bottle with |(ice in cooler) |pH >12 and
lined cap polyethylene- cool 1o 4°C (ice
lined cap in cooler)
EPA Water and Waste
Total Dissolved NA T days from NA 200 mL NA I-L polyethyl- | NA Cool L0 4°C
Solids (TDS) date sampled ene bottle with (ice in cooler)
polyethylene-
-0 lined cap
Nole: All sample bottles will be prepared in accordance with EPA bottle-washing procedures. These procedures are incorporated in E & E’s Laboratory and Field Personnel
Chain-of-Custody Documentation and Quality Assurance/Quality Control Procedures Manual, July 1987,
* Technical requirements for sample hotding times have been established for water matrices only. However, they are also suggested for use as guidelines in evaluating soil
() data.
b= " Holding time for GC/MS analysis is 7 days if samples are not preserved.
Q¢ Maximum holding time [6f mercury is 28 days from time sampled.

b= 4 |f one container has already been collected for PCB analysis, then only one additional container need be collected for extractable organic, BNA, or pesticides/PCB analysis.

Extra containers required for MS/MSD.

Key:

NA = Notapplicable.
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8.4.5 Compositing Samples

Compositing is the process of physically combining and homogenizing several individual
soil aliquots of the same volume or weight. Compositing samples provides an average concen- -
tration of contaminants over a certain number of sampling points. Compositing dilutes high-
concentration aliquots; therefore, detection limits should be reduced accordingly. If the compos-
ite area is heterogeneous in concentration and its composite value is to be compared to a particu-
lar action level, then that action level must be divided by the total number of aliquots making up
the composite for accurate determination of the detection limit. -

8.4.6 Splitting Samples
Splitting samples (after preparation) is performed when muitiple portions of the same

samples are required to be analyzed separately: Fill the sample containers snnultaneously with
alternate spoonfuls of the homogenized sample (see Figure 8-7).

8.5 Post-Operations

8.5.1 Field

Decontaminate all equipment according to E & E’s SOP for Sampling Equipment Decon-
tamination (see ENV 3.15).

8.5.2 Office

Organize field notes into a report format and transfer logging information. to appropriate
forms.

9. Calculations

There are no specific calculations required for these procedures.

10. Quality Assurance/Quality Control

The objective of QA/QC is to identify and implement methodologies that limit the intro-
duction of error into sampling and analytical procedures.
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Step 1: Step 2: Step 3:

+ Cone Sample on hard, clean surface * Quarter after fiattening cone « Divide sample into quanters
* Mix by forming new cone

Step 4:

* Remix opposite quarters -
+ Reform cone

+ Repeat a minimum of 5 times After: ASTM Standard C702-67

Figure 8-7 Quartering to Homogenized and Spllt Samples
10.1 Sampling Documentation
10.1.1 Soil Sample Label
All soil samples shall be documented in accordance with E & E’s SOP for Sample Pack-
aging and Shipping (see ENV 3.16). The soil sample label is filled out prior to collecting the
sample and should contain the following:
1. Site name or identification.

2. Sample location and identifier.

3. Date samples were collected in a day, month, year format (e.g., 03 Jan 88 for January
3, 1988). ‘

4. Time of sample collection, using 24-hour clock in the hours Imnutes format.
5. Sample depth interval. Units used for depths should be in feet and tenths of feet.
6. Preservatives used, if any.

7. Analysis required.
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8. Sampling personnel.

9. Comments and other relevant observations (e.g., color, odor, sample technique).
10.1.2 Logbook

A bound field notebook will be maintained by field personnel to record daily activities,
including sample collection and tracking information. A separate entry will be made for each
sample collected. These entries should include information from the sample label and a com-
plete physical description of the soil sample, including texture, color (including notation of soil
- mottling), consistency, moisture content, cementation, and structure.

'10.1.3 Chain of Custody

Use the chain-of-custody form to document the types and numbers of soil samples col-
lected and logged. Refer to E & E’s SOP for Sample Packaging and Shipping (see ENV 3.16)
for directions on filling out this form.

10.2 Sampling Design

1. Sampling situations vary widely; thus, no universal sampling procedure can be rec-
ommended. However, a Sampling Plan should be implemented before any sampling
operation is attempted, with attention paid to contaminant type and potential concen-
tration variations.

2. Any of the sampling methods described here should allow a representative soil sam-
ple to be obtained, if the Sampling Plan is properly designed.

3. Consideration must also be given to the collection of a sample representative of all
horizons present in the soil. Selection of the proper sampler will facilitate this pro-
cedure.

4. A stringent QA Project Plan should be outlined before any sampling operation is at-
tempted. This should include, but not be limited to, properly cleaned samplers and

sample containers, appropriate sample collection procedures, chain-of-custody pro-
cedures, and QA/QC samples.

11. Data Validation

The data generated will be reviewed according to the QA/QC considerations that are
identified in Section 10.
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11.1 Quality Assurance/Quality Control Samples

QA/QC samples are used to identify error due to sampling and/or analytical methodolo-
gies and chain-of-custody procedures.

11.1.1 Field Duplicates (Replicates)

~Field duplicates are collected from one location and treated as separate samples through-
out the sample handling and analytical processes. These samples are used to assess total error
for critical samples with contaminant concentrations near the action level.

11.1.2 Collocated Samples

Collocated samples are generally collected 1.5 to 3.0 feet away from selected field sam-
ples to determine both local soil and contaminant variations-on site. These samples are used to
evaluate site variation within the immediate vicinity of sample collection.

11.1.3 Background Samples

Background or “clean” samples are collected from an area upgradient from the contami-
nation area and representative of the typical conditions. These samples provide a standard for
comparison of on-site contaminant concentration levels.

11.1.4 Rinsate (Equipment) Blanks

Rinsate blanks are collected by pouring analyte-free water (i.€., laboratory de-ionized wa-
ter) on decontaminated sampling equipment to test for residual contamination. These samples
are used to assess potential cross contamination due to improper decontamination procedures.

11.1.5 Performance Evaluation Samples

Performance evaluation samples are generally prepared by a third party, using a quantity
of analyte(s) known to the preparer but unknown to the laboratory. The percentage of analyte(s)
identified in the sample is used to evaluate laboratory procedural error.

11.1.6 Matrix Spike/Matrix Spike Duplicates (MS/MSDs)

MS/MSD sampies are spiked in the laboratory with“a known quantity of énalyte(s) to
confirm percent recoveries. They are primarily used to check sample matrix interferences.

11.1.7 Field Blanks

Field blanks are prepared in the field with certified clean sand, soil, or water. These
samples are used to evaluate contamination error associated with sampling methodology and
laboratory procedures.
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11.1.8 Trip Blanks

Trip blanks are prepared prior to going into the field using certified clean sand, soil, or
water. These samples are used to assess error associated with sampling methodology and ana-
lytical procedures for volatile organics.

12.. Health and Safety
12.1 Hazards Associated with On-Site Contaminants

Depending on site-specific contaminants, various protective programs must be imple-
mented prior to soil sampling. The site Health and Safety Plan should be reviewed with specific
emphasis placed on a protection program planned for direct-contact tasks. Standard safe operat-
ing practices should be followed, including minimization of contact with potential contaminants
in both the vapor phase and solid matrix by using both respirators and disposable clothing.

Use appropriate safe work practices for the type of contaminant expected (or determined
from previous sampling efforts):

a Particulate or Metals Contaminants
- Avoid skin contact with, and ingestion of, soils and dusts.
- Use protective gloves.

m Volatile Organic Contaminants
- Pre-survey the site with an HNu 101 or OV A 128 prior to collecting soil samples.
- If monitoring results indicate organic constituents, sampling activities may be

conducted in Level C protection. At a minimum, skin protection will be afforded by
disposable protective clothing.
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1. Introduction

1.1 Scope

- This document presents an in-depth discussion of the techniques used to obtain subsur-
face soil samples from boreholes.

1.2 Obijectives

Most subsurface investigations require the drilling of boreholes for one or more purposes,
including: collection of soil samples for lithologic logging and laboratory testing; lithologic and
hydrogeologic characterization using borehole geophysical logging; and installation of piezome-
ters or monitoring wells. Drilling methods are selected based on availability and cost; suitability
for the type of geologic materials at a site (unconsolidated or consolidated); and possible effects
on sample integrity (potential influence of drilling fluids and for cross contamination between
aquifers). :

A wide variety of drilling methods have been developed that may be suitable for one or
more of the purposes described above. Table 1 summarizes information on 21 drilling methods.
The hollow-stem auger (HSA) is the most commonly used method for well installation in uncon-
solidated deposits. Air rotary drilling is probably the most commonly used method for well in-
stallation in consolidated formations. Table 2 provides information on the relative performance
of 11 of the drilling methods listed in Table 1 for different types of geologic formations. Sub-
surface soil samples are collected from boreholes for chemical and physical analysis, and to aid
in the definition and tracking of contaminants in the soil. The type subsurface soil sample may
be either undisturbed or disturbed. and either composite or discrete. The type of sample to be
collected depends on the purpose of the investigation and the drilling technique.

2. Drilling and Sampling Techniques

The most accurate method for obtaining information on the characteristics of unconsoli-
dated deposits is to collect representative samples of soil at measured depths and at intervals that
will provide a complete stratigraphic and lithologic profiles of soils and bedrock, respectively.
For most boreholes, subsurface soil samples are collected continuously, at 2- or 5-foot intervals,
or at every change in the formation.
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Table 1

Summary Information on DriIIingA Methods

Open-Hole Rotary Methods
Hollow-Stem Auger Open hole Usually no fluids Possible
Direct Air Rotary with Bit Open hole Yes ‘Possible
Direct Air Rotary with Downhole Open hole Yes ‘Possible
hammer :
Direct Mud Rotary Open hole Yes A Possible
Reverse Rotary (no casing) Open hole Yes Possible
Cable Tool Either Usually no Possible
Rotary Drili-Through Methods
Rotary Casing Driver Casing Yes Possible
Dual Rotary Advancement Casing Yes Possible
Reverse Circulation Methods ' '
Reverse Duel Wall Rotary | Casing Yes Possible
Reverse Duel Wall Percussion Casing Yes Possible
Hydraulic Percussion Casing. Yes Possible
Downhole Casing Advancers Casing Yes Possible
Jet Percussion Casing Possible Possible
Jetting Open hole Possible No
Solid-Stem Auger Open hole No Possible
Bucket Auger Open hole No Possible
Rotary Diamond Open hole Possible Yes

" Directional Drilling Either® Possible Possible®
Sonic Drilling Either - Possible Yes

' Driven Wells Either No No
Cone Penetration Open hole No Possible”

a
b

Key:

Sampling with a device resembling a split spoon may be possible with some directional rigs.
Geoprobe has developed a core sampler for use with a cone penetrometer type (CPT) nig.

Shading indicates most commonly used methods for monitoring well installation.
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Table 2 Relative Performance of Different Drilling Methods in Various Types of Geologic Formations

8

Gt

 Dune sand "2 5 NR 'NR R o P - e | =
Loose sand and 2 3-5 NR NR 6 5° 6 5 5 3 1
gravel . ‘
Quicksand 2 NR NR 6 5° 6 5 5 NR 1
Loose boulders 3-2 2-1 NR NR 5 2-1 4 1 NR 1
in alluvial fans
or glacial drift -
Clay and silt 3 5 NR NR 5 5 5 3 3 NR 3
Firm shale 5 5 NR NR 5 5 5 3 NR NR 2
Sticky shale 3 5 NR NR 5 3 5 3 NR NR 2
Brittle shale 5 5 NR NR 5 5 5 3 NR NR NA
Sandstone— 3 4 NR| NR NA 4 5 4 NR NR | NA
poorly cemented e
Sandstone—well 3 3 5 NR| - NA 3 5 3 NR NR NA
cemenled '
Chert nodules 5 3 3 NR NA -3 3 5 NR NR|. NA
Limestone 5 5 5 6 NA 5 5 5 NR NR NA
Limestlone wilh 5 3 5 6 NA 3 3 5 NR NR NA
chert nodules
Limestone with 5 3 5 6 NA 2 5 5 NR NR| ~NA
small cracks or ; '
fractures .
Limestone, cav- 5 3-1 2 5 NA 1 5 1 NR NR NA
ernous L : ' ' ' -
Dolomite 5 5 5 6 NA 5 5 5 NR| NR NA
Basalls, thin lay- 5 3 5 6 NA 3 5 5 NR NR NA
ers in sedimen- .
tary rocks :
Basalts—thick 3 3 4 5 NA 3 4 3 NR NR| NA
-| layers .
Basalts—highly 3 _ 1 3 ' 3 NA 1 4 I NR NR NA
fractured (lost :
circulation
| zones) 5
et s )
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rocks ’ _ . .
Granite 3 3 5 5 NA 3 a 3 _NR| __NR| NA

* Assuming sufficient hydrostalic pressure is available to contain active sand (under high confining pressures).
Rate of Penetration: .

1 = {mpossibie
2 = Dilficult

3 =Slow
4 = Medium
5 = Rapid

6 = Very rapid
Key:

NA= Not applicable.
NR= Not recommended.

Source: Driscoll (1986).

"ONIdYS FT0HIHO

6TTCO




RevISED: [ [

RER,

2.1 Disturbed and Undisturbed Samples

Soil samples from unconsolidated deposits can be collected as disturbed or undisturbed
soil samples. Disturbed soil samples are produced by HSA drilling and are therefore referred to
as drill cuttings. The components of a HSA are shown in Figure 1. Disturbed samples are not
representative of the formations penetrated because of the possible sorting and grinding of the
cuttings while being carried to the surface. In general, disturbed samples do not contain detailed
lithologic mformation, and the depth at which the soil is encountered is not precisely known.
Undisturbed soil samples are collected by a variety of sampling devices, including the split-
barrel sampler (see Figure 2), the Laskey sampler (see Figure 3), and the Shelby tube sampler.
The collection of undisturbed samples helps to ensure the preservation of detailed lithologic in-
formation such as the degree of consolidation, sorting, bedding, etc., and provides a more accu-

rate determination of sample depth.

: i Rod to Cap
. " Adapter
Drive Cap \ { !
: Auger Connecior
. 7
Hollow Stam
-Auger Section

- Canter Rod
g
=

- Center Piug
Pilo: Assembly
Cemponents
Pilot Bit

la
'\- T
Rt Auger
= Connector
i Auger Head
Repiaceable Carbise Insert
Auger Tooth

Figure 1

Typical Components of a Hollow-Stem Auger
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2.2 Discrete and Composite Samples

Discrete samples are obtained from a specific depth and are used when detailed analytical
information about overburden soils is required. Analysis of discrete unconsolidated soil samples
provides more accurate information on the depth of contamination.

Composite samples are prepared from aliquots of discrete samples. They are used for
obtaining a representative sample from a subsurface interval for analytical purposes. Composite
samples are not appropriate for use in stratigraphic description.

3. Borehole Drilling

3.1 Inspection and Cleaning of Sampling Equipment

Proper cleaning, including steam-cleaning, of the drill rig, down-hole equipment, and
sampling equipment, should be performed upon arriving at the site and between drilling loca-
tions. This is necessary to minimize the potential introduction of contaminants into unconsoli-
dated soil samples. The drill rig should also be checked repeatedly for oil and hydraulic fluid
leaks. These precautions are essential to ensure that contaminants from the drilling process are
not introduced into the samples. If specified in the site-specific work plan (SSWP), all non-
disposable sampling equipment may need to be decontaminated according to specific procedure
referenced in the SSWP. '

3.2 Hollow-Stem Auger Drilling

A HSA column simultaneously rotates and axially advances by a mechanically or hydrau-
lically powered drill rig. The hollow stem of the auger allows the use of various methods for
continuous or intermittent sampling of subsurface soils. HSA columns are manufactured in 5-
foot lengths and have inside diameters (IDs) ranging from 2.25-inch ID to 10.25-inch ID. Drill-
ing with augers of different diameters makes possible the use of casings to isolate near-surface
contamination while dnilling continues with a smaller-diameter auger. In addition, the riser and
screen for monitoring wells can be placed in the HSAs when the desired depth of drilling has
been reached, and filter pack and grouting can be emplaced as the HSAs are oradua.lly withdrawn
from the hole.

If a split-barrel soil sampler is used to collect samples from unconsolidated deposits, a
center plug with the same diameter as the HSAs, and a section of drilling rod are placed inside
. the lead flight. The HSAs are advanced through the unconsolidated deposit to the first sampling
interval, and the center plug is then removed from the HSA. A precleaned split-barrel soil sam-
pler is attached to the end of the drilling rod and lowered into the HSAs. A safety hammer is at-
tached to the top of the drilling rod and the split-barrel soil sampler is driven into the undisturbed
soil in an increment of 2 feet. The split-barrel soil sampler is then raised and opened to remove
the soil sample. The center plug is then re-placed into the HSAs, and another HSA ﬂloht is at-
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tached to the top of the flight already in the gTound The process is repeated until bedrock is en-
countered or the project depth is reached.

A Laskey soil sampler is used to collect a continuous 5-foot soil sample while the HSAs
are turning. The Laskey soil sampler is used instead of a center plug in 4.25-inch HSAs, and the
head of the sampler is advanced ahead of the HSAs by 2 to 6 inches. Upon completion of a 5-
foot run of HSAs, the Laskey soil sampler is recovered and opened in a manner similar.to a split-

. barrel sampler. Following sample collection and decontamination of the Laskey soil sampler,

the sampler is re-placed into the HSAs, and another ﬂight of HSAs is attached to the top of the
flight already in the ground.

A Shelby tube sampler is used to collect samples of undisturbed overburden usually for
collection of geotechnical samples. Shelby tubes are available in a variety of diameters and
lengths. The most common Shelby tubes are 3 to 5 inches I.D. and 18 to 30 inches long. Once

" the HSAs have reached the top of the interval to be sampled, the drilling rods holding the center

plug are withdrawn from the HSAs. The Shelby tube is then attached to the end of the drilling
rod and lowered into the HSAs. The Shelby tube is "pushed" out the bottom of the HSAs to the
prescribed depth and then retrieved. The tube is not opened in the field; the ends are sealed (with
wax) and it is shipped to the laboratory intact. The process is repeated until bedrock is encoun-
tered or the project depth is reached

3.3 Direct Air Rotary, Mud Rotary, and Downhole Hammer Drilling

The basic rig setups for air or mud rotary with tri-cone or roller-cone bit are similar, ex-
cept for the circulation medium used. Compressed air or mud is circulated down through the
drill rods to cool the bit and carry cuttings up the hole to the surface. For air rotary drilling, a
cyclone separator is used to slow the air velocity and allow the cuttings to fall into a container.
A down-the-hole hammer, which operates with a percussive (pounding) action as it rotates 18
used for air rotary dnlhno For mud rotary drilling, a tri-cone roller bit is used.

3.4 Cable Tool Drilling

Cable tool drilling rigs operate by repeatedly lifting and dropping a heavy string of drill-
ing tools attached to a cable into the borehole. Consolidated rock is broken or crushed into small
fragments, and unconsolidated material is loosened by the drill bit. The reciprocating action is
caused by attaching the cable to an eccentric walking or spudding beam that also serves to mix
the crushed or loosened particles with water to form a slurry at the bottom of the borehole. Peri-
odically, the drilling string is removed and the slurry is removed by a sand pump or bailer. In
unconsolidated formations, a casing is driven into the ground to keep the hole open.

A sample of cable tool cuttings should include more than one bailer load of material to
provide a composite sample that is reasonably representative of the sampling interval. This is
particularly important when sampling sand and gravel formations. The cable tool drilling
method is not as common a method for installing monitoring wells as it once was.
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3.5 Other Methods for Collecting Shallow Subsurface Soil Samples

Several methods are available for obtaining shallow subsurface soil samples (less than 10
feet) without using a drill rig.

m Hand Augers. These are useful for obtaining samples from shallow depths in unconsolidated
formations. Samples are collected from a bucket auger advanced by hand through shallow
depth intervals.

m Power Augers. These are usually hand augers powered by a gasoline engine. Disturbed soil
samples are collected from the auger flight as the tool is turned. '

m Backhoes. Backhoes are relatively inexpensive and can excavate a slit trench up to 12 feet
deep very quickly. Samples can be obtained by attaching a Shelby tube to the bucket or by
collecting samples directly out of the bucket,

m Geoprobe. This is a truck- or van-mounted hydraulic unit which pushes or hammers a small
diameter probe into shallow, unconsolidated soils. The unit can be used to collect samples of
subsurface soils, soil gas, or groundwater.

4. Borehole Abandonment

Borehole abandonment is necessary to eliminate potential physical hazards, to prevent
groundwater contamination, to conserve aquifer yield and hydrostatic head, and to prevent in-
termixing of subsurface water. After the necessary unconsolidated soil samples or consolidated
core samples have been collected from the borehole, the HSAs are removed from the borehole
and the HSA flights are cleaned and appropriately decontaminated. A cement/bentonite grout
should be tremied into the borehole to the surface. The grout should consist of potable water,
bentonite powder, and Type I portland cement, with 94 pounds of cement and 5 pounds of ben-
tonite per 6.5 gallons of water. In certain areas, specific borehole or well abandonment methods
are specified in the associated environment regulations and these methods must be adhered to.

5. Disposal of ’DriII Cuttings and Decon Liquids

5.1 Containerization of Drill Cuttings and Decon Liquids

Drill cuttings must be handled as outlined in the work plan for the site. In some in-
stances, the drill cuttings are classified as hazardous waste under the Resource Conservation and
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Recovery Act (RCRA) and must be placed in U.S. Department of Transportation (DOT)-
approved 55-gallon steel drums pending analysis. The drums of drill cuttings must be properly
labeled and marked with the contents, date, and source of the drill cuttings (e.g., "MW-2") prior
to being staged.

Decon fluids may also be placed in DOT-approved 55-gallon steel drums pending analy-
sis. The drums of decon liquids must be properly labeled and marked with the type and source
of the fluids and the date the drum was filled prior to being staged.

' In instances when field monitoring for the presence of contaminants in soil-and water is
performed, approval for not containerizing investigation-derived soil and water may be approved
by the local regulatory agency. This approval must be obtained prior to the commencement of
the field investigation.

5.2 Disposal of Drill Cuttings and Decon Liquids -

Upbn receipt of the analytical results, the drill cuttings and decon liquids can be properly
classified. It is the responsibility of the property owner and/or client to arrange for the disposal
of the drill cuttings and fluids at an approved facility. :
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1. Introduction

1.1 Scope

This document provides basic information on the operation and application of the Geo-
probe Model 8-A hydraulic sampler for subsurface investigations. E & E uses the Geoprobe for
hazardous waste site investigations. In addition, field procedures and limitations of the Geo-
probe are discussed. This document is meant to be used in conjunction with other E & E stan-
dard operating procedures for field operations and incorporates ‘all of the safety precautions that
should be followed when planning a Geoprobe subsurface investigation.

1.2 Objectives

Geoprobes can collect one-time subsurface samples to determine the presence and/or ex-
tent of contaminants in soil gas, groundwater, and soils with a minimum disturbance of the
ground surface. The Geoprobe Model 8-A is a hydraulically powered, van-mounted subsurface
sampling device capable of collecting subsurface soil gas samples, subsurface soil samples, and
groundwater samples. The information obtained from the Geoprobe investigation can be used to
define the extent of contamination in the area and assist in determining the placement of moni-
toring wells. :

1.3 Method Selection Considerations

The Geoprobe provides a means of rapidly assessing the presence of contaminants in
near-surface unconsolidated soils. The Geoprobe 8-A can penetrate much farther in dry, loose
soil than in tightly bound clay and is not recommended for use in rocky soils or tightly com-
pacted glacial till deposits. Other subsurface investigation methods should be considered for
sampling in consolidated deposits. Use of the Geoprobe 8-A in these situations may result either
in damage to the Geoprobe or injury to the operator.

2. Description

The Geoprobe 8-A is a hydraulically powered probing device. The unit consists of a
powered percussion hammer that is slide-mounted on a derrick and has a 3.5-foot stroke. The
derrick assembly hydraulically folds and unfolds from the traveling or storage position in the rear
compartment of the van. The derrick is also adjustable in both the fore and aft directions, as well
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as angle, to ensure the derrick is vertical. There are no side-to-side adjustments on E & E’s
commercial Geoprobes.

The Geoprobe 8-A uses the weight of the van and a hydraulically powered percussion
hammer to advance 3-foot-long rods into the ground. The probe rods are hardened steel with an
inside diameter (ID) of 0.5 inch and an outside diameter (OD) of 1 inch. The operator controls
the hydraulic hammer through the use of levers, and the helper assists by adding sections of rod.
Depending on the purpose of the investigation, the lead rod will be equipped to collect soil,

- groundwater, or soil gas samples. After the lead rod has been driven into the ground 2.5 feet, the
helper attaches an additional 3-foot-long section of rod and the process is repeated until the de-
~ sired depth has been reached. '

3. Responsibilities

3.1 Operator

The crew consists of an operator and a helper. The operator is responsible for the safe
and efficient operation of the Geoprobe, and also performs the daily inspections and mainte-
nance. In addition, the operator inventories the supplies and equ1pment daily and ensures that an
adequate supply of expendable parts are on hand.

The operator is responsible for completing the subsurface investigation in accordance
with the site-specific work plan and in a safe manner consistent with the site health and safety
plan. Routinely, the operator is also the field team leader and as such, is responsible for (1) the
quality of the samples recovered from the Geoprobe; (2) compliance with the project’s quality
assurance/quality control requirements; and (3) completion of the site log.

If the operator observes any unsafe or potentially dangerous situations, the operator will
stop operations until the proper corrective actions have been taken. The operator has the author--
ity to secure operations at any location if the operator concludes that the conditions are danger-
ous or could compromise the quality of the samples.

3.2 Helper |

‘The primary function of the helper is to assist the operator in conducting the subsurface
investigation. The helper is responsible for assembling, securing, and disassembling the rods and
other sampling tools used in the investigation. The helper is also responsible for ensuring that all
of the equipment is properly decontaminated and that all tools are in proper working order.

If the helper notices any unsafe or potentially dangerous situations, the helper will inform
the operator immediately. The helper must be attentive to conditions around the Geoprobe be-
cause the operator will be concentrating on the operation of the unit.
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3.3 Site Safety Coordinator

The site safety coordinator (SSC) is responsible for ensuring that the subsurface investi-
gation is completed as outlined in the site health and safety plan. The SSC will ensure that all
overhead and buried utilities (e.g., electrical lines, telephone lines, natural gas lines) have been
identified and located prior to commencing the subsurface investigation. The SSC will be famil-
iar with the operations of the Geoprobe and the potential hazards posed by its operation. In
many cases, the operator or helper also serves as the SSC.

4. Planning the Geoprobe Survey

In planning the Geoprobe survey, research should be conducted on local and regional ge-
ology and hydrogeologic conditions; historic records on the size of the site; past waste disposal
practices; types of waste material disposed of at the site; and depth and orientation of waste ma-
terial. Sites should be evaluated in terms of their hydrogeologic setting. This evaluation will
indicate the effectiveness of the survey, given site conditions.

4.1 Researching the Site

Prior to designing the field survey, the following information should be collected, if
available, from reconnaissance surveys, interviews, and research reviews:

m Information on the types and locations of materials that may be buried on site to de-
- termine where subsurface investigations should not be conducted with a Geoprobe,
and to identify the type(s) of samples to be collected;

m Information on the surface layout of the site being studied, including information on
topography, site boundaries, and the locations of buildings, rail lines, overhead and
buried utility lines (e.g., electric lines, pipelines, etc.), scrap disposal areas, and other
structures that may prevent the proper operation of the Geoprobe; and

= Maps, drawings, and photographs of the area; historical aerial photographs may indi-
cate previous disposal areas and poor waste dlsposal pracuces and can also provide a
base map for plotting data. :

4.2 Defining and Mapping the Survey Site

After obtaining background data, the proposed sampling locations should be laid out
based on the locations of buried material. Safety and accessibility are other factors to consider
when locating sampling locations. -



s e L L ey e - T

REVISED 1 arch -

N o g N
FARBIENG N A {2 IR

S T E e

5. Field Procedures

5.1 Overhead and Buried Utilities

The use of a Geoprobe on a site or project near electrical power lines and other utilities
requires that special precautions be taken by both the operator and the helper. Electricity can
shock, burn, and cause death. By law, overhead and buried utilities must be located, noted, and
emphasized on all subsurface investigation location plans and assessment sheets. When over-
head electrical power lines exist at or near the site, consider all wires to be live and dangerous.
Waitch for sagging power lines before entering the site. Do not lift power lines to gain entrance;
call the power company and ask them to raise the lines or de-energize the lines. Before raising
the derrick near power lines, walk completely around the unit. Determine what the minimum
distance from any point on the unit to the nearest power line will be when the derrick is being
raised. Do not raise the derrick or operate the unit if this distance is less than 25 feet or, if
known, the minimum clearance stipulated by federal, state, and local regulations. To avoid con-
tact with power lines, never move the Geoprobe with the derrick in a raised position.

If there are any questions concerning the safety of drilling on sites near overhead power
lines, contact the power company. The power company will provide expert advice at the site as a
public service at no cost.

Underground electrical utilities are as dangerous as overhead power hnes Be aware and
- always suspect the existence of underground utilities. If a sign warning of underground utilities
is located on a site boundary, do not assume that underground utilities are located on or near the
boundary or property line under the sign. Always contact the owners of utilities and determine
jointly the precise location of underground utility lines, and mark or flag the locations. Besides
electrical, other utilities that need to be checked are gas, telephone, water, cable TV, fiber optics
(very important because of the cost to repair them), and sewer. Potentially responsible parties
(PRPs) are often uncooperative in this regard. Private locators can be contracted to survey areas
that the utility iocators will not.

5.2 Operating the Geoprobe
5.2.1 Visual Inspection

At the start of each work day, the operator must visually inspect the Geoprobe. This in-
cludes (1) checking the hydraulic fluid levels and the hydraulic lines for fraying, cuts, or leaks;
(2) checking the derrick and attachments assembly for adequate lubrication and for damage,
nicks, burrs, and leaks; (3) removing any unnecessary dust, dirt, or oil to prevent jams or damage
to the equipment; (4) checking nuts and bolts; and (5) checking the sampling equipment (e.g.,
drive rods, anvils, and pull caps). Figures 1 and 2 show the inspection points on the Geoprobe
8-A.
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5.2.2 Setup of the Geoprobé

Follow'ing the visual inspection and routine maintenance of the Geoprobe, the unit is
ready for operation. The following steps describe the setup procedures for the Geoprobe §-A:

m Position the vehicle at the sampling location. Park the van as level as possible; the
van must be level in the side-to-side aspect to drive the rods properly. If on an in-
cline, point the front of the van upgradient. If possible, face the van downwind to
avoid potential cross-contamination from the vehicle’s exhaust and to prevent exhaust
fumes from entering the work area.

m Set the parking brake and position the chock blocks in front of the front wheels.

m  Open and secure the rear doors in the open position with the bungee cords provided
so that wind or vibrations will not cause the doors to swing into the work area during
operation.

m  Attach the exhaust hose to the tailpipe and direct the exhaust downwind from the
work area.

m  Start the vehicle engine with the remote ignition switch located on the side panel in-
side the rear of the vehicle. Switch the cooling fan to the "on" position (switch in side
panel). Set the toggle switch on the Geoprobe 8-A control panel to the middle (slow)
position to activate the hydraulic system clutch. See Figure 3 for a diagram of the
control panel.

m  Push the FOLD lever down to raise the derrick assembly from its resting position to
clear the hydraulic hoses. The derrick assembly should be raised no more than 1 foot
because of the clearance restrictions of the rear doors.

- m Push the EXTEND lever down to move the derrick assembly backward out of the ve-
hicle. Watch the clearance of the derrick at the top of the door opening. Extend the
derrick to the full back position so that the top of the derrick will clear the van doors
when raising the derrick.

m  Push the FOLD lever down again to raise the derrick to a vertical position.
m Lift the EXTEND lever to bring the derrick assembly back close to the vehicle to
lessen the strain on the derrick mount assernbly Proper position is approximately 1

foot behind the rear bumper.

m Push down on the FOOT lever until the foot contacts the ground.
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m Adjust the derrick until it is vertical, using the lever provided to check for true verti-
cal.

m Adjust the foot by pushing down on the FOOT lever and raising the rear bumper of
the van approximately 1 foot. Do not raise the rear wheels off of the ground.

m Lift up on the PROBE lever and raise the derrick to its maximum height. Check that
the derrick is true vertical and adjust as necessary.

m Shut off the hydraulics by switching the toggle switch on the control panel fully
down, and secure the anvil in its cradle with the hammer latch. Never work on or in
the hammer while the hydraulics are engaged.

m Assemble the desired lead rod and sampling assembly and attach a drive cap to the
top of the lead rod.

m Place the toggle switch up to the slow position, and place the lead rod below the
hammer assembly. The lead rod should be centered and parallel with the derrick.
Push down on the PROBE lever while ensuring that the drive cap is seated in the an-
vil.

The Geoprobe 8-A is now ready to advance the sampler into the ground.
5.2.3 Rod Advancement

To advance the lead rod to the project depth, the foll'o_wing procedures should be fol-
lowed when using the Geoprobe 8-A:

m  With the toggle switch in the center (slow) position, the operator continues to hold the
PROBE lever down. The lead rod will need to be steadied with the operator’s hand
until the anvil is in contact with the lead rod. Only the operator, who is handling the
controls, should steady the rod or reach near the hammer assembly. The lead rod will
be pushed slowly into the ground. This procedure allows the operator to gauge the
soil resistance and avoid deflection.

m At the point where the lead rod does not advance and the weight of the van is placed
on the rod, move the toggle switch to the full up (fast) position. Push down again on
the PROBE lever and continue to push the lead rod. Allow the rear of the van to rise
6 inches off of the ground. When the weight of the van is insufficient to push the rod
into the ground, push the HAMMER lever down. When the rod has advanced to the
point where the derrick foot is again on the ground, release the HAMMER lever, and
push the PROBE lever down until the van rises 6 inches. Repeat this process until the
rod is fully driven into the ground.
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m Raise the hammer anvil to its full height by lifting the PROBE lever, and turn the
toggle switch to the off position. Never reach into or around the hammer anvil while
the toggle switch is in the on position. The helper then removes the drive cap from
the lead rod and attaches the drive cap to the next rod to be used. The helper then at-
taches the next 3-foot rod section to the rod that has just been driven.

m The toggle switch is raised to the fast position, and Steps 2 and 3 are repeated until

the desired depth is reached. If the rods do not advance, do not attempt to force them.

The Geoprobe 8-A is now ready for the crew to perform the required sampling activities.
5.2.4 Rod Removal

After completion of the required sampling activities, the rods may be extracted from the
eround by lifting the PROBE lever and raising the hammer assembly. Put the toggle switch in
the off position, and lift the hammer latch to remove the anvil. Leave the hammer latch open.
Once the helper has attached the pulling cap to the rod, the operator.will position the toggle
switch to the middle (slow) position and push the PROBE lever down and lower the hammer as-
sembly down to the pulling cap. The operator will turn the toggle switch off and will close the
hammer latch under the pulling cap. The operator will place the toggle switch in the slow posi-
tion and lift the PROBE lever up to raise the hammer assembly fully up. (NOTE: The rods
should never be pulled out in the fast position, as this increases the¢ chances of breaking the
hammer latch.) The operator will then push the PROBE lever down and lower the hammer as-
sembly sufficiently to clear the pulling cap. The toggle switch is then placed in the slow posi-
tion, and the PROBE lever is lifted to raise the hammer assembly fully up. The toggle switch is
then placed in the off position, and the helper removes the exposed rod and attaches the pulling
cap to the next rod section. The sequence is repeated until all rod sections are removed from the
ground.

5.2.5 Shutdown
After the rods have been extracted from the ground, the Geoprobe 8-A is ready to be shut
down and moved to the next sampling location. The following procedures should be followed

-when securing the Geoprobe 8-A:

m Place the toggle switch iri the middle (slow) position, push the PROBE lever down,
and lower the hammer assembly to the bottom of the derrick.

m Lift the FOOT lever to raise the foot completely.
m Push the EXTEND lever down to fully extend the derrick.

m Check to make sure that all hydraulic and electrical lmes are clear of the derrick stor-
age area.
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m Lift the FOLD lever to fold the derrick assembly to the horizontal position.
m Lift the EXTEND lever to bring the derrick assembly forward into the van.
m  Move the toggle switch to the off position to shut off the hydraulics.

m Turn off the cooling fan on the switch in the rear of the van, and shut off the engine
using the remote ignition switch on the same panel.

m Remove the exhaust hose from the tailpipe, and remove the chock blocks. Close the
doors to complete the shutdown.

The Geoprobe 8-A is now ready to be moved to the next location.

6. ~Subs_u_rface Soil Sampling

The Geoprobe 8-A is capable of collecting discrete subsurface soil samples with a special
soil sampling probe that is screwed onto the end of the lead rod. The sampler consists of the
sample tube, cutting shoe, piston tip and piston rod, drive head, and a piston stop pin. A 2-foot-
long acetate liner fits inside the sample tube, allowing the collection of a 2-foot-long soil sample.
The following steps describe the procedures to follow when collecting soil samples:

® Assemble a clean, decontaminated soil sampler. Attach the drive head to the sample
tube. Insert the acetate liner with the lip toward the cutting shoe end. Insert the pis-
ton tip and piston rod into the sample tube by feeding the piston rod through the hole
in the drive head and attach-the cutting shoe to the bottom of the sample tube. Ensure
that the piston tip is allowed to slide downward until it is seated in the cutting shoe.

- Tighten the piston stop pin to complete the assembly. Note that the piston stop pin

has a left-handed thread. The piston stop pin must be tight, or vibrations may cause
the soil sampler to open at the wrong depth.

m Attach the 1-foot-long adapter rod, and use this assembly as the lead rod.
® Drve rods in a normal manner to the depth from where the sample is to be collected.

m  When the specified sample depth is reached, raise the hammer assembly to the top of
the derrick and remove the drive cap.

m Three-foot-long, threaded, 0.25-inch-diameter extension rods are used to loosen the
piston stop pin. Insert the extension rods into the open drive rods, and attach each rod
with a 0.25-inch-ID coupling nut. Connect as many rods as necessary to reach the
piston stop pin. Attach an extension rod handle to the top of the last extension rod.
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Turn the extension rod handle in a clockwise direction two to three revolutions. At-
tempt to lift the threaded rods; the rods cannot be lifted if they have started into the
piston stop pin. Continue turning the extension rod handle clockwise until the
‘threaded rods have been completely seated into the piston stop pin; the piston stop pin
is now ready to be removed. Remove the threaded extension rods one at a time until
all have been removed from the drive rods. The last threaded extension rod should
have the piston stop pin attached.

~ m Reattach the drive cap and lower the hammer assembly. |
m  Advance the drive rods 2 feet.
m  Extract all drive rods and remove the soil sampler.

m Repeat these steps as necessary to collect additional subsurface soil samples.

7. Groundwater Sampling

The Geoprobe 8-A is capable of collecting groundwater samples with tygon bailers or a
peristaltic pump. The tygon bailers are 3/8-inch OD, which can be inserted into the drive rods.
A check valve in the leading end of the bailer may be used to pump the groundwater sample
from the rods, or, if soil conditions permit, the drive rods can be extracted and a 0.75-inch-OD
bailer can be used in the open hole. If a peristaltic pump is used, tygon tubing is lowered down
the rods into the groundwater to collect the groundwater sample. The tubing is then placed into
the peristaltic pump, and the groundwater is pumped to the surface. The following steps describe
the procedures to follow when collecting groundwater samples.

m The lead rod is assembled using the 2-foot slotted rod, a 1-foot adapter, and an ex-
pendable tip.

m The rods are driven in the normal manner until the slotted rod section is beneath the
groundwater table. '

® The drive cap is removed from the drive rod, and the pulling cap is attached.
m  The rods are lifted about 1 foot, which allows the expendable tip to separate from the
lead rod. Groundwater will enter the drive rod, and a groundwater sample can now

be collected through the rods.” -

m Extract the drive rods in a normal manner.
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8. Soil-Gas Sampling

The Geoprobe 8-A is capable of collecting discrete soil-gas samples using the post-run
tubing (PRT) system, which is screwed into the end of the lead rod. The PRT system consists of
a PRT expendable point holder with threads for a PRT adapter, a PRT adapter, an expendable
point, and disposable tubing. The following steps describe the procedures to follow when col-
lecting soil-gas samples with the Geoprobe. '

m Assemble a clean, decontaminated PRT expendable pomt holder to a clean, decon-
taminated lead rod.

m Place a rubber "O" ring on a clean, decontaminated expendable drive point, then place
the drive point into the PRT expendable point holder.

m Drive rods in a normal manner to the depth from where the sample is to be collected.

m  When the specified sample depth is.reached, remove the drive cap and attach the pull
cap. Pull the rod up approximately 1 foot. This will release the drive point and ex-
pose the open end of the PRT expendable point holder. Remove the pull cap to ex-
pose the open end of the rod.

m Attach a clean, decontaminated PRT adapter with a rubber "O" ring to the end of the
tubing and then insert the tubing and the PRT adapter down the inside of the rods un-
til the PRT comes into contact with the PRT expendable point holder.

m Cut the tubing at the surface so that there is plenty of tubing to connect to the vacuum
source. Turn the tubing until the PRT adapter screws securely into the PRT point
holder.

m The soil-gas sample is now extracted from the soil and into a container using a vac-
uum. The container (glass bulb or Tedlar bag) is placed in-line between the vacuum
pump and the tubing emerging from the drive rods. The sample is then collected us-
ing a vacuum. The vacuum is generated by the on-board vacuum volume pump. This
pump will allow the operator to determine the volume of vapor extracted from the
soil. '

m  Once the soil-gas sample. is collected, extract all drive rods and the PRT expendable
point holder. The expendable point will remain in the ground.

m Repeat these steps as necessary to collect additional subsurface soil-gas samples.
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9. Abandonment of Probe Holes

“Before probe holes can be abandoned, regulations from the state in which the soil boring
and well abandonment will be performed should be consulted. Each state may have specific
regulations for soil boring and well abandonment, and these regulations can dictate the method
and material that will be used to plug the probe holes. However, in most cases, the state will re-
quire that the probe holes be backfilled with some sort of bentonite clay (granular or a slurry).
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1. Introduction

Geologic logging involves keeping detailed records during the drilling of boreholes, the
installation of monitoring wells, and the excavation of test pits, and entering the geologic de-
- scriptions of the soil and rock samples recovered on a standardized form. E & E has adapted a
standardized geotechnical logbook (see DOC 2.4 in E & E’s Standard Operating Procedures
[SOPs]) that contains items deemed important to record when installing monitoring wells, pie-
zometers, and/or soil borings. This document discusses general procedures for completing geo-
logic logs.

2. Drilling Logs

2.1 Basic Documentation

When drilling boreholes, the project geologist should maintain a log that describes each
borehole. The E & E Geotechnical Logbook contains records for boreholes. The following ba-
sic information should be entered on the heading of each drilling log sheet (see Figure 1):

m  Borehole/well number;

Projg:ct name;

m  Site location;

®  Dates and times that drilling was started and completed;
® Drilling company;

m E&E geologiét‘s name;

m  Drill rig type used to drill the borehole;

m  Drilling method(s) used to drill the borehole;
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_ @ DRILLING LOG FOR

Projoct Name Water Leve! (TOIC) )
Site L . Date . Time Level (Feet)
* Date Stanted/Finished
Driling Company
Dritier's Name Well Location Sketch
Geologist's Name
Geologist's Signature
Rig Type(s)
Drilling Method{s}
Bit Sizefs) Auger Size(s)
Auger/Spiit. Spoon Refusal
Total Depth ot Borehole is
Tota! Depth of Corehole is
Depth | Sampis | Blows on Components Rack Run Core  § RQD| Fracture | HNu/OVA
{Fest) [Numbes| Sampler | ~ g ggr | Flle Number| Recovery Skelch {ppm}
— < -t T -+
. —_ — —_ 4
] l —t S 1 .
3
— LT T T T
l — — L i
—_ l - - 1 —t
_— , ﬂ.— —_ —_ —_
— J ) e — d.
7 7
—_— —_ 1 T_ ]_
—_ = - 4 |
—_ - — € T
— i — + =
—_ _ - L 1
i B
g !

Figure 1 Drilling Log
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Bit and auger size(s);

Depth of auger/split barrel sampler refusal;

Total depth of borehole;

Total depth of corehole (if applicable);

Water level at t'uﬁe of completion measured from top of inside casing (TOIC); and

A well location sketch.

2.2 Technical Information

During the drilling of a borehole, specific technical information about the unconsolidated
material and rock encountered should be recorded on the drilling log sheet. The following
minimum technical information should be recorded:

Depth that sample was collected or encountered;
Sample number assigned (if applicable);

The number of blow counts required to drive the split barrel sampler 2
feet at 6-inch intervals (see Table 1);

Description of soil components (see Figure 2);
Descriptién of rock profile (see Figure 3);

Rock qualitative désignation (RQD) (éee Figure 4);

Rock penetration tirné;

Core run number (if applicable) and percent recovery; and

Organic vapor readings in the sample.
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Table 1 Standard Penetration Test for
Son Densi

Cohesnonless Sonls

0-4 Very loose
4-10. ' Loose
10-30 Medium
30-50 Dense

50 Very dense
Cohesive Soils

2 Very soft
2-4 Soft

4-8 Medium
8-15 Stiff
15-30 Very stiff

30 Hard

3. Soil Classification

Soils should be described using the Unified Soil Classification System (USCS) in the nar-
rative lithologic description section of Figure 5. Figure 6 is a summary of the American Society
for Testing and Materials (ASTM) criteria for describing soils. Soil descriptions should be con-
cise, stressing major constituents and characteristics, and should be given in a consistent order
and format. The followm0 order is recommended by the ASTM:-

1. Soil name. The basic name of the predoiminant constituent and a single-word modi-
- fier indicating the major subordinate constituent.

2. Gradation or Plasticity. Granular soils (i.e., sands or gravels) should be described as
well-graded, poorly-graded, uniform, or gap-graded, depending on the gradation of
the minus 3-inch fraction. Cohesive soils (i.e., silts and clays) should be described. as
nonplastic, slightly plastic, moderately plastic, or highly plastlc depending on results
of the manual evaluation for plasticity.

3. "Particle size distribution. An estimate of the percentage and grain-size range of each
subordinate constituent of the soil. This description may also include a description of .

angularity (see Figure 7).

4. Color. The basic color of the soil.
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SOIL AND SEDIMENT CLASSIFICATION

GRAIN-SIZE SCALE (1ervtes Wemmern: Soate) ' PROPORTIONS USEDIN | |
US. Standard DESCRIBING SOILS
phi  mm L Grade Nwoe -
12 some Trace - Panicles are
IR presant but estimated
w0 1oz to be less than 5%
Faew - 5to 10%
2 Littte - 15 to 25%
s zsa Soma - 30 to 45%
P Mostly - 50 to 100%
GRAVEL
e La.: Sand with & oace of sit
5 32 - 25% Sand, « 5% St
- Ty §
a3 . ity with & standasd splt
Spoan. the e Percentags
2 4 at gravel ls-aften nat cecoversd
due to reistively small sampie
- 2 )
] 1
SAND
e 0.500
-2 0230
< 01325
o062 Sail Dansity rom Standard
- : Porsirason Tes! (ASTM D1586)
o8 aoar
Grarxiar Som Cotianne Sous
v ] oot >
. G- 10 Loome 0.4 Soh
o7 0.008 MUt 10 - 30- MwEum 4.8 Mo
Ouwrtns s
- 0.00e 30 - 36 Dersa 8- 18 St
. s Owear 30 Vry 15 - 30 Vary
-8 Q002 P Densea . Sttt
~10 [1-18 e
«11 QbeOs ..., L .. ..h‘ ......... aay
.tz ocomes e e v hes SZE
CLASSIFICATION CHART{United Sci! Classification System) -
MAJOR DIVISIONS TYPICAL NAMES
GRAVELS GW | Wel-grages grarss or graves-sand mirims ite or g tnes
g - ‘m’:’”a GP POORY GTROSU GIINEN Of JTEVESSANG FUTUrie Wile OF O it
;é raceon > GM | S;iy graves. grevel-aano e mmure
g‘i Na, ¢ sisve $128) H > Claywy gavets, Gravei-sandCisy owiums
o éé SANDS SW | Welgraomd sancs of graveny sancs. HDe or no e
2 go | Moz SP | Poory oraued sants o gravely sanx. Lo or o baat
g 2. ::::: SM | Shiy santa. sand-on mesiures
No. 4 move MZe} 8C Ciayey Sanoi_ AENG A8y moures
% - . Mo NOIGENC GRS A0 vary Lne SIS, fOCk Gour SRy OF CIRYRY Ne SANGS OF SRy SRS wrh SIgn plasbory
@ -‘;‘5 SILTS AND CLAYS cL NDIGRAKC Ay, OF IOW 10 MM DIRSICRY; JEAVORY CayS, LRy CSYS, Lay CAYS, asn Cisys
E g; Lo oL Orpanc s &7 arpane Ciys of Iw BIasaeTy
o g 3
3 ég SILTS AND CLAYS MK sate., or how SN0y -OF Sy SONE_. Siastc BL
3 38 ! L 50 . CH INCIPENC Cikys OF g Ctashoty, ti Clays
=2 I Ok Orgarnt Ci3ys G MPGLIN 10 AGH Fasihy. OIGBNC S41y CRYE. OGS sdiy
_HIGHLY ORGANIC SDILS | Pt Poal anc other mghly orpanc sois

Figure 2 USCS Soil Classification Chart
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ROCK DESCRIPTIVE TERMS
Term Dafining Charactaristics
Hardness Son Scraiched by tingemal
Modaratsiy Hard Scratched easily by penkniie
Hard Ditticult to scratch whth & penknife
Vary Hard Cannot be scratched by penknlte
Westhenng Unweaihsrad Rock |8 unstained. May bo fractured, bul dlscontinulies are not
’ stajned,
g .
Rock Iz unstained. Discontinulties show some siaining on the
surinces of rocks, but discoloration doss not penetrats rock mass.
Modomta ’
Discontinuity surfacas are stained. Discoloration may extand into
rock along discaninulty surtaces.
High
Individusl roea!ragmemsam nmugh!ystalnsdand may be
crumoly.
Savore
Mappmmmktdgmd&zadhgmmha'wﬂ‘n‘m
Individual fragmants are thoroughly discoiored and can be broksn .
with fingsrs.
Bodding Laminated <.041n, <1mm
Planas Pariing Dén.-.24n mm - 6mm
Banded 24k - 1in. emm-3cm
Thin 1l -4in, 3cm-9.1cm
Madium 4in.-12in. o 9.1cm-30.5cm
Thick 12n.- 36 in. . 30.5cm-1m
Massive >38in. >1m
Joints and Very tight <2in. <5.1cm
Fracture Tight . 2in. - 1L 5.1-305¢cm
Spacing Modsrately tight ML -3 30.5cm-91.4cm
© ‘Wide 3n-toh ’ 814cm-3I M
Vary wige > 101t >3M
Voids | Porous Smaller than a pinhead. Thalr p is Indicated by the degree
of absarbency. .
Pitted Pinhead size 1o a 174 inch. |f only thin walls separate the individual
plis, the care may be dascribad as honaycombed.
vug 144 inch to the dlametsr of the core. The upper mit will vary with
core size.
Cavhy Larger than the diameter of the c:om;
Rock Particle Percent Composition Estimation
%

Figure 3 Rock Descriptive Terms
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ROCK QUALITY DESIGNATION (RQD) AND FRACTURE FREQUENCY

Core bexings are a usstul means of obtaining information sbout e

Q

An sxampie of deamining ihe RQD trom & core run of E0 inohes
mmmnmmhmn

quallty af rock mass. The recoversise cors Indicuiss the
s intact rock and T Mamder and character of the naxral
discontinuities.

Another quanitstive index that has proved usetul in logging NX oors
5 = rock quaiy designaiion (RQD) deveioped by Desre (1963). The
RQD i & modifiad core MeCovery DFCaage In which all he siscss of
-sound NX core gver 4 inches iong are courmed as reoovery. The
langth of the core run ja e YEtNCe 1 the NEETEE! Wt of B 100t from
Sw correctad dapth of 2w hols af e end of 0w previous N 1 the
canacmd dapivof the hota &t the end of subyect nn,  The smaler

an RQD o! 57 percar. classilying Die rock mass in e takk
campary.

Mumnmdﬂnﬂummuhmm
mass quality, The RQD in the core d by
the drilling process, a8 well 48 i natral frachzes praviously
exiating in the rock masa. For sxample, whan the cors hoie
penszaes & LUl Zone OF & join2, sddiionsl brasks MRy jorm DAt
afthoagh not natural fectres, are caused by natral planes of
weaknosa existing in the rock mass. These fresh breaks oocur
during drilling and harciing of the core snd are ant relamd to 9
uaily of e rock mass. The sidil of the drilor wi a%oct the amount

mdmmmmum An RGO apgroaching 100
coekinnt quallly rack mass with properties simiar

of and the core 083 thal occurs.  Pogr diilling tochwiques
witf the ek by g 03 KPP quality, 1 3 difficuit
© distnguish between driling trasks and those nairal and incpient
fracnres that redlect the guaiity of tha rock mRass. in cermn
-instances, 1t may be adviskbio t inciuds ail tractures whon

umummm RQD values mnging from 0 10 80 g RQD. Obviously, some jut % irvoived n care
peroent are indicatve of & poor quBtity rock MaEss having & smal loggirg.
frcsion of the strength and sttiness measured (o5 an iN1Bct spacimen.
. mw&hmmhmmeODmtsmmm
RQD (Rock Ouafity Designation} jons are not © the & of the ind oims,
nsome b hmwwmummmm:yu
C-25 VaeryPoor oy by the 306 joint ing.
25 - 50 Poor
50 - 75 Far
75 - %0 Good
90 - 100 Exceilent
RQD OF A SINGLE CORE RUN*
Acwat Core Modified Coce
10'/
‘r..._—-—-—-
S ——
&% 4
5 5
»
P P
6 ___________,._.—-5"
3
3
1 5"
- "
Lo pre
Coro Run 60 2
{Corracsmd geptn — X 100% = 57% = Fair
to corectad capth) e

* Typcal catutation of RCD of a single cote run,
correcied depth.

Note that e run is calculated fom corecied Aepth 1o

Figure 4 Rock Qualitative Designation (RQD)



E T T P R 3)
= O H
=B March 1998 |5

Bomom of Sencoeck &)

NOTE: Ses fxpes 109 80 110 107 wad CONSTULTEON GAGrerng

Moisarn

Depm-i. NARRATIVE LITHOLOGIC DESCRIPTION Conant
: 5§

00C

! COO0
? 00O
: 000
‘ icoo
s cco
’ 000
’ 000
. 000
» QCOo
@ oco
" ocoo
12 e} ') O
N 000
) 000

Figure 5 Narrative Lithologic Description

02159



ASTM CRITERIA FOR DESCRIBING SOIL

Criteria for Describing Angularity of Coarse-

Grained Particies

Description Criteria

Angular Particles have sharp edges and”
relatively plane side with unpol-
ished surtaces

Subangutar  Particles are similar to.angular
description but have rounded
edges

Subrounded  Particles have nearly plane sides

but have well-rounded comers and
edges

Criteria tor Describing Dry Strength

Description  Criteria

None Tha dry specimen crumbles into
powder with mere pressure of
handling

Low " The dry specimean crumbles into

powder with some finger pressure

Medum The dry specimen breaks into pieces '
or crumbles with considerabie finger
pressure

High The dry-specimen cannot be broken
with tinger pressure. Specimen wilt

Dascription

Criteria

Low

| Medium

High

Only slight pressure is required to

‘roll the thread naar the plastic imit .
“The thread and the ump are weak

and soft.

Medium pressure is required to rolt

‘the thread 1o near plastic mit. The

thread and the lump-have medium
stifiness.

Considarable pressure is required to
roll the thread to near the plastic
limit. The thread and the ump have
very high stitiness.

Rounded Particies have smoothly curved break into pieces between thumb
side and no edges and a hard surtace..
Very High  The dry.specimen cannot be broken
between the thumb and shard
Criteria for Describing Dilatancy surface
Description  Criteria
1 None No visible change in the specimen. ‘Criteria tor Describing Structure
Stow Water appears siowly on the Description Critenia
surtace of the " . .
specimen during shaking and does Stratified Altemating layers of varing
nat disappear or disappears siowly material or color with layers at
upon squeszing. ' _ least 6 mum thick; note thickness.
Rapd Water appaars quickly on the Laminated Aternating layers of varying
. . Jmaterials ar color with the layers
surtace of the specimen during 4ess than & mm thick; nate
shaking anddmppears quickly thi I' g
Upon squeezing. :
. Fissured Braaks along definite planes of
- fracture with little resistance to
Criteria tor Describing Toughness fracturing.

Slickensided  Fracture planes appear polished
ar glossy, sometimes striated.

Blocky Cohesive soil that can be broken
down.into small angutar iumps
-which resist further breakdown.

Lensad inclusion of small pockets of

ditterent soils, such as small
lenses of sand scattered through
a.mass of clay, note thickness.

Homo- Same color and appearance
geneous throughout.

82160

Figure 6 ASTM Criteria For Describing Soil
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CRITERIA FOR DESCRIBING SOIL (Cont.)
Critaria for Descyibing the Resction with HC! Criteria for Dascribing Plasticity
U o 0 c > - N D 3 I. n . c I Ky -
None No visible reaction Norplastic A 1/8 inch (3 mm) thread cannat be
rolled at any water contemnt.
Weak Saome reaction, with bubbles tarming -
slowly Low “The thread can baraly be rolied and
) the lump cannot be formed when
Strong Violen rsaction, with bubbles drier than the plastic imit.
farming immediately
Medium The thread is aasy to roll and nat
uch time is required 1o reach the
Criteria tor Describing Consistsncy - plastic Emit. The thread cannot be
A N soiled after reaching the plastic imit.
Description  Criteria The lump crumbles when drier than
Very Soft Mwﬂpmemﬁnmm memmt '
1 inch (25 mm) High It takes considerable time rolling and
kneading to-reach tha plastic limit.
Soft “h;mwﬂmmwﬂmm The thread can be rerclied several
(25 mm) times after reaching the plastic limit.
il indlent soil L The tump can-be tormad without
Firm Thumb will soil about 14 inch crumbiing when dnerthan the plastic
(6 mm) fimit.
.Hard Thumb will not-indent soil but readily
indented with thumbnai identification of lnorganic Fine-Grained Sails
from Manyual Tesats
VeryHard  Thumbnail will notindent soi e
Symbal | Dry Strength | Dilatancy | Toughness
Criteria tor Describing Cementation St
Y — ML None to low to | Low orthread
Description - Criteria | ' rapid cannot be
. i tormed
Waak Crumbies or breaks with haniling or
little finger pressure €L | Medumto | Noneto |  Medium
Moderats Crumbles or breaks with
. considerabie finger pressure MH Low to Noneto | Low to medium
Strong Will not crumbis or break with finger medium . slow
pressure CH | Hightovary | None High
Criteria for Describing Particie Shape
The particle shape shall be described.as follows
where langth, width, and thickness refar to . . i
, est, imt fiate, and loast & ons of 2 Crﬁer-la .tor Deau!birfg Moisture Condition
particls, respectively (see page 104 ). Descripion __ Criteria
Flat Particies with widththickness Dry Absence of moistre, dusty, dry to
ratio » 3 the touch
Elongated  Particles with lengthwwickh ratio >3~ Moist Damp but no visible water
Fat and Particies meet criteria for both fiat Wet Vishie free water, usually soil is
Elongated  and elongated below water table
Figure 6 ASTM Criteria for Describing Soil (cont.)
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SEDIMENT PARTICLE SIZE AND SHAPE ESTIMATES

GRAPH FOR DETERMINING SIZE OF SEDIMENTARY PARTICLES

COBBLES RANGE FROM 6.4 TO 25.6 cm (~2.5 TO 10.1 INCHES)
BOULDERS ARE LARGER THAN 25.6 cm {>10.1 INCHES)

SEDIMENT PARTICLE SHAPES

e OO OO

VERY ANGULAR SUB- SuUB- © ROUNDED WELL-
ANGULAR ANGULAR ROUNDED RODUNDED

Figure 7 Sediment Particle Size and Shape Estimates
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5. Moisture content. The amount of soil moisture (dry, moist, or wet).

6. Relative density or consistency. An estimate of density of a granular soil or consis-
tency of a cohesive soil, usually based on the standard penetration test results (see
Table 1).

7. Soil Structure or Mineralogy. Description of discontinuities, inclusions, and struc-
tures. Includes joints, fissures, and slickensides.

4. Core Logging

4.1 Handling of Core

After the core has been recovered from the corehole and the core barrel has been opened,
the core should be placed in a core box. The top of the core should be placed at the back left
comner of the core box, and the remaining core placed to the right of the preceding section (see
Figure 8). The core box should be filled in this manner, moving to the front sections of the core
box. The beginning of each run should be marked on the core and also noted with a marked
wooden block.

4.2 Rock Description

Each stratigraphic unit in the core shall be logged. A line marking the depth of the top
and the bottom of the unit shall be drawn horizontally. In classifying the rock, the geologist
should avoid being too technical, as the information presented must be used by.numerous people
with widely divergent backgrounds.

The classification and description of each unit should be given in the following order, as
applicable: '

1. Unit designation (Miami oolite, Clayton Formation, Chattanooga shale);
2. Rock type; | |
3. Hardness;
4. Degree of weathering;
5. Texture;

6. -Structure;

02163
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CORE Bt ¢ 128
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EXAMPLE: OUTSIDE CORE BOX COVER

INSIDE CORE BOX c?
o q '
/ »*
f;:" [ ,
~ oA
/ X Z ¥

CORE BOX

. RECORD THIS INFORMATION ON EACH END PANEL

SITE NAME . WELL NUMBER

TioN BOX_—OF—
LOCATION  —————— CORES e |
JOB NUMBER FOOTAGE i

SIDE PANELS
Figure 8 Core Box
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7. Color;

8. Solution and void conditions;
9. Swelling properties; --
~10. Slaking properties; and

11. Additional description, such as mineralization, size, and spacing shale
seams, etc. :

Variations from the general description of the unit and features not included in the gen-
eral description shall be indicated by brackets and lines to show the depth and the interval in the
core where the feature exists. These variations and features shall be identified by terms that will
adequately describe the feature or variation so as to delineate it from the unit. These may be
zones or seams of different color, texture, etc., from that of the unit as a whole, such as staining;
variations in texture; shale seams, gypsum seams, chert nodules, calcite masses, etc.; mineralized
zones; vuggy zones, joints, fractures; open and/or stained bedding planes; faults, shear zones,
gouge; cavities’ thickness, open or filled, nature of filling, etc.; or any core left in the bottom of
the hole after the final pull.

Rock Type and Lithology
1. Rock will be classified according to the following 24 types:

[ Sandstoqe

[ Conglomerate

m Coal

m Compaction Shale
m Cemented Sha.l‘e
m° Indurated Clay
. Limestone-

m Chalk

m Gneiss

m Schist
02165
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-~ Graywacke

Quartzite

Dolomite

Marble

Soapstone and Serpentine
Slate

Granite

Diorite

Gabbro

. Rhyolite

Andesite
Basalt
Tuff or Tuff Breccia

Agglomerate or Flow Breccia

2. Lithologic characteristics should be included to differentiate rocks of the
same classification. These adjectives should be simple and easily under-
stood, such as shaly, sandy, dolomitic, etc. Inclusions, nodules, and con-
cretions should also be noted here.

3. Itis important to maintain a simple but accurate rock classification. The
rock type and lithologic characteristics are essentlally used to differenti-
ate the rock units encountered. -

~ Hardness

The terms for hardness, as outlined below, were modified to include the use of a rock

hammer.

1. Very soft or plastic - can be deformed by hand (has a rock-like character
but can be broken easily by hand).

15
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Soft - can be scratched with a fingernail (cannot be crumbled between

2.
fingers but can be easily pitted with light blows of a geology hammer). .

3. Moderately hard - can be scratched easily with a knife; cannot be
scratched- with a fingernail (can be pitted with moderate blows of a geol-
ogy hammer).

4. Hard - difficuit to scratch with a knife (cannot be pitted with a geology
hammer but can be chipped with moderate blows of the hammer).

5. Very hard - cannot be scratched with a knife (chips can be broken off
only with heavy blows of the geology hammer).

Weathering

The degree and depth of weathering is very important and should be accurately detailed
in the general description and clearly indicated on the drill log.

1.

2.

Texture

Unweathered - no evidence of any mechanical or chemical alteration.

Slightly weathered - superficial discoloration, alteration, and/or discol-
oration along discontinuities; less than 10% of the rock volume is altered;
strength is essentially unaffected.

Moderately weathered - discoloration is evident; surface is pitted and
altered, with alterations penetrating well below rock surfaces; 10% to
50% of the rock is altered; strength is noticeably less than unweathered
rock.

Highly weathered - entire section is discolored; alteration is greater than
50%; some areas of slightly weathered rock are present; some minerals
are leached aways; retains only a fraction of its original strength (wet
strength is usually lower than dry strength).

Decomposed saprolite; rock is essentially reduced to a soil with a relic
rock texture; can be molded or crumbled by hand.

Texture is used to denote the size of the grains or crystals comprising the rock, as op-
posed to the arrangement of the grains or crystals, which 1s considered a structure.

1.

AAphanitic - grain diameter less than 0.004 inch (0.1 mm); individual

grains or crystals are too small to be seen with the naked eye.

02167 -
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Fine-grained, finely crystalline - grain diameter between 0.004 inch (0.1
mm) and 0.003 (1 mm); grains or crystals can be seen with the naked eye.

3. Medium-grained, crystalline - grain diameters between 0.003 foot (1
mm) and 0.0175 foot (5 mm).

4. Coérse-grained, coarsely crystalline - grain diameter greater than
0.0175 foot (5 mm). '

Structure

The structural character of the rock shall be described in terms of grain or crystal align-
ment, bedding, and discontinuities, as applicable. The terms may be used singularly or paired.

1. Foliation and/or lineation - give approximate dip uniformity, degree of
distinctiveness, banding, etc.

2. Joints:
a. Type - bedding, cleavage, foliation, extension, etc.
b. Degree of openness - tight or open. :
c. Surface or joint plane characteristics - smooth, rough, undulating.
d. Weathering - degree, staining.
e. Frequency - see (4).

3. Fractures, shears, gouge:
a. Nature - single plane or zone. (Note thickness.)
b. Character of materials in plane or zone.
c. Slickensides.

4. Frequency:
a. Intact - spacing greater than 6 feet (2 m).
b. Slightly jointed (fractured) - spacing 3 feet (1 m) to 6 feet (2 m).
c. Moderately jointed (fractured) - spacing 1 foot (0.3 m) to 3 feet
(1 m).
d. Highly jointed (fractured) - spacing 0.3 foot (9.1 cm) to 1 foot (0.3 m).
e. Intensely jointed (fractured) - spacing less than 0.3 foot (9.1 cm).

5. Bedding is used to describe the average thickness of the individual beds
within recognized unit, and the terms thick, medium, or thin should not be
applied to the individual beds. "Parting" and "band" are used to describe
single stratum as outlined below: '

a. ‘Massive - over 3 feet thick (1 m).

b. Thick - 1 foot (30.5 cm) to 3 feet (1 m) thick.

c. Medium - 0.3 foot (9.1 cm) to 1 foot (30.5 cm) thick.
d. Thin - 0.1 foot (3.0 cm) to 0.3 foot (9.1 cm) thick.

, 00168
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e. Band - 0.02 foot (6 mm) to 0.1 foot (3.0 cm) thick, described to the nearest 0.01
foot. ' :

f. Parting - less than 0.02 foot (6 mm).

g. Paper-thin parting.

The terms and descriptions for the structure of the rock are to be used to describe the
character of the rock units recognized and are not to be used as a substitute for describing indi-
vidual discontinuities. Except for areas where the rock is intensely fractured or jointed, each dis-
continuity should be described on the log as to position, dip, staining, weathering, breccia,
gouge, etc. :

Color is often valuable in correlating or differentiating samples, but can be misleading or
uninformative. The color of a sample should represent the sample in terms of basic hues (i.e.,
red, blue, gray, black), supplemented with modifying hues as required (i.e., bluish gray, mottled
brown). The core should be surface wet when describing the color; if it is dry, the log should
indicate "dry color." Subjective colors, such as buff or maroon, should not be used. Specific
color charts, such as the Mumsel Color Chart or the Color Index in the Colorado School of

-Mines, Quarterly, Volume 50, No. 1, are useful in describing color of samples. When such a
chart or index is used, it should be noted on the log in the remarks column. '

Solution and Void Conditions shall be described in detail, as these features can affect
the strength of the rock and can indicate potential seepage paths through the rock. When cavities
are detected by drill action, the depth to top and bottom of the cavity should be determined by

measuring the stick-up of the drill tools when the cavity is first encountered and again at the bot- -

tom, as it is very difficult to reconstruct cavities from the core alone. Filling material, when pre-
sent and recovered, should be described in detail opposite the cavity. When no material is recov-
ered from the area of the cavity, the inspector should note the probable conditions of the cavity
as determined from observing the drilling action and the color of the drill fluid. If the drill action
indicated material was present (i.e., slow rod drop, no loss of drill water, noticeable change in
color of water return), it should be noted on the log that the cavity was probably filled and the
materials should be described as best as possible from the cuttings or traces left on the core. If
drill action indicates the cavity was open (i.e., no resistance to the drill tools, loss of drill fluid),
this should be noted on the drill log. Partially filled cavities should also be noted. All of these
observations require close observation of the drill action and water return by both the inspector
and the driller; accurate measurement of stick-ups; and detailed inspection of the core. When
possible, filling material should be wrapped in foil if left in the core box. If the material is to be
tested or examined in the lab, it should be sealed in a jar with proper labels and a spacer, with a
note showing the disposition of the material should be placed in the core box at the point from
which the material was taken. Terms to describe voids encountered shall be as follows:

1. Porous - voids less than 0.003 foot (1 mm) in diameter.
2. Pitted - voids 0.03 foot (1 mm) to 0.02 foot (6 mm) in diameter.
3. Vug - voids 0.02 foot (6 mm) to the diameter of the core.

4. Cavity - voids greater than diameter of the core.
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4.3 Core Labeling

The top of the core should be shown on each piece of core with an arrow written 1n a
black, waterproof marker. The arrow will indicate which end of the core is nearer the ground
surface. Other core markings may include locations of mechanical breaks and drilling footages.

4.4 Core Box Labeling
Each core box should be labeled as follows:

®  On the top left corner of the outer core box, the project name, site location (city and
state), and project number should be written.

m  On the lower right corner of the outer core box, the corehole number (e.g., MW1,
BH2), core box number (e.g., 1 of 2, 2 of 2), and the interval of the core run contained
in the core box should be written.

m The side.panels should be marked as indicated in Figure 8.
m  The inside of the core box cover should be marked as indicated in Figure 8.

4.5 Core Storage

It is important to use proper-sized (HQ or NQ) wooden core boxes for rock core storage.
After labeling the box and before closing the box for final storage or shipment, wooden spacers
should be inserted into each compartment that contains rock core. This will prevent lateral
movement of the cores, which could damage the rock material during handling.

After properly logging, labelling, and packing the cores, the core boxes should be stored
in a dry location, preferably off of the floor on a pallet. The boxes can be stacked to a reasonable
height so as not to be unstable, with end labelling facing out.
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1. Introduction

This document is meant to be used in conjunction with Ecology and Environment, Inc.,
(E & E) standard operating procedures (SOPs) for field operations and hazardous waste site op-
erations, and incorporates by reference all safety precautions required therein. It specifically ad-
dresses the functions and responsibilities of personnel working on or around drilling operations..

E & E personnel are frequently required to oversee a subcontractor’s work in the field
using drill rigs to take soil and rock samples, and install piezometers and monitoring wells. This
document discusses the supervision of subcontract drillers by E & E.

2 Respon5|b|I|t|es and Authority of
Subcontract Driller

The subcontract driller has authority to direct its personnel within the area while drilling
operations are in progress. Access to the hazardous area around the auger and borehole is re-
stricted by a “super exclusion zone” delineated by a 4-foot by 8-foot sheet of plywood centered
over the borehole before drilling. A large hole cut in the plywood allows penetration of the au-
gers. NoE&E personnel are allowed 1n this “super exclusion zone” at any time while drilling is
underway.

Housekeeping around the rig is the responsibility of the driller, but all team members
should, when necessary, participate in this effort.

2.1 Responsibility and Authority of E & E Personnel

E & E personnel working at a drilling site must act as support to the subcontract drilling
team by providing any necessary support functions; however, it is important that E & E person-
nel are careful not to interfere with the drilling process. Personnel are restricted from approach-
ing the “super exclusion zone” while drilling is underway. If an E & E crew member recognizes
an unsafe condition in the work area or on the rig, he should bring it to the attention of the site
safety officer (SSO) and team leader if it is not resolved in a timely manner by the subcontractor
driller. If conditions are still deemed to be hazardous, team members have the option of contact-
ing their regional safety coordinator (RSC) or Corporate Health and Safety Group in Buffalo.

1t is the responsibility of all E & E personnel to have with them on site their issued non-
disposable gear, including hard hat, face shield, respirator, steel-toed boots, eyepiece inserts,
safety glasses, and appropriate outerwear for the expected weather. It is the E & E employee’s
responsibility to ensure that all of his/her equipment is in proper working order.

All personnel should be aware of emergency facilities, egress routes, and special medical
conditions of their team members. As with all E & E fieldwork, the buddy system is to be en-
forced.
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3. Training Requirements for Site Personnel:
3.1 E & E Site Safety Officer

In addition to basic health and safety training, annual health and safety refresher training,
first aid, cardiopulmonary resuscitation (CPR), and necessary training in field monitoring of per-
sonnel, an SSO should have previous experience as a team member on field drilling projects in
order to have a working knowledge of the drill rig and the extreme hazards that can occur with
its operation. Where monitoring instrumentation is to be used, the SSO must be properly trained
prior to fieldwork. The SSO must have an understanding of the hazards of heat and cold stress,
their associated symptoms, and proper work modifications to protect field staff from potential

mjury.
3.2 Other E & E Personnel

ANE&E personnel present on site shall have taken the basic 40-hour health and safety
course and annual 8-hour refresher training course. Field personnel also must meet medical and
respiratory fitness test requirements established by E & E and Occupational Safety and Health
Agency (OSHA).

3.3 Subcontract Driller and Other Subcontract Drilling Personnel

‘ Subcontract drillers and their support personnel on site must, at a minimum, have passed
basic 40-hour health and safety training as prescribed by OSHA 29 Code of Federal Regulations

- (CFR) 1910.120. They shall be medically approved and trained to use the level(s) of respiratory
protection required on site. Certification of training by the subcontractor shall be required as a
deliverable included in E & E’s contractual documentation. This training shall be verbally veri-
fied'and logged on site by the SSO or team leader before starting work.

4. Supervision of Subcontract Drillers
41 Responsibilities and Authority of Site Safety Officer

The responsibilities of the SSO at a drilling site where subcontracted drillers are used in-
clude the following: rig inspections, personnel monitoring, and personnel protection.
A rig inspection should begin by verifying the following:

® The mast must be located at least 25 feet from any overhead or underground utility
lines;

m The location and operation of operational and unencumbered kill switches must be re-
iterated to all site personnel;
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m Outriggers, stabilizers, or jacks are in place, and the rig is level;

m A geophysical survey (e.g., electromagnetic or ground-penetrating radar) or a reliable
site history must be obtained to verify the absence of underground utilities, buried ob-
stacles, tanks, and drums;

U

m A first aid kit and filled eyewash bottle must be readily available;

m A fire extinguisher should be charged to the proper pressure and placed at the rear of
the rig during drilling;

m The condition of ropes, chains, and cables must be checked;
m A lifeline or safety belt must be available if mast climbing is necessary;

m - The Site Safety Plan (SSP) must be posted with emergency phone list and map of
hospital route; and

m A “super exclusion zone” must be established around the borehole, using traffic cones
or a 4-foot by 8-foot sheet of plywood. This defined area will be entered during ac-,
tive drilling only by the subcontract driller and his helper(s), except in emergency
situations.

If, upon review, the SSO deems that any material item noted above requires replacement
or repair, the SSO must make necessary the arrangements for that repair or replacement, and
later verify that repair or replacement is sufficient before actual drilling begins. Similarly, if the
conditions listed above are not met, the SSO must request that they be met to his satisfaction be-
fore allowing drilling to proceed. Working together, the SSO and the subcontract driller should
verify that the rig has been checked against the operator’s checklist.

The SSO’s monitoring duties include calibration and setup of the appropriate monitoring
devices, as specified in the SSP. At a minimum, this generally includes an O,/explosimeter and
real-time organic-vapor monitoring capabilities (e.g., HNU, organic vapor analyzer [OVA]).
Noise and heat-stress monitoring are employed where appropriate. If the SSO believes addi-
tional monitoring devices beyond the directive of the SSP should be employed (e.g., Rad Mini,
Mini Ram), it is his/her responsibility to obtain this equipment from the nearest E & E office
through the cooperation of the RSC or the Corporate Health and Safety Group. The SSO is also
responsible for ensuring that a trained operator for this additional equipment is on site.

It is the responsibility of the SSO to ensure that all safety equipment is in good working
order. Day-to-day operations, as well as calibration data, must be recorded in the equipment log
or SSO log. ‘Adequate supplies such as breathing air, drinking liquids, and calibration .gas must
. be maintained.

E & E personnel are forbidden from entering the “super exclusion zone” around the bore-
hole while drilling is underway. The SSO must not attempt to take air readings in or around the
auger while it is in use, or from cutting samples while the auger is in motion. If possible, an
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O»/explosimeter should be set up for unmanned (alarmed) operations at the rig, using an exten-
sion hose to continuously draw samples from the borehole area during drilling operations.

The SSO has ultimate authority over the subcontractor with regard to whether work prac-
tices meet the requirements of the SSP. Shutdown of work or restriction of personnel are options
available to the SSO. The SSO should hold informal site safety briefings at the start of both
fieldwork and daily work shifts throughout the course of the project. Although E & E contractu-
ally requires subcontractors to provide properly trained and outfitted staff; the SSO should verify
verbally at the start-up meeting that the field staff has necessary respiratory approval and OSHA-
mandated training, especially at hazardous waste sites. Site safety briefing topics, as well as the
names of attendees, will be recorded in the site safety log.

If the SSO has reason to believe that either E & E or subcontractor perqonnel are under
the influence of alcohol or drugs, or are otherwise ill before or during work on site, he or she
should consider restricting those team members from site work. Personnel who are to perform
work that requires Level C protection must be clean-shaven or they may be restricted.at the dis-
cretion of the SSO.

The following is a list of basic topics to be discussed at site safety meetings:

n Persoﬁnel responsibilities;

" Planned investigation and presumed potential haéards;

m Levels of protection, monitoring plan, and equipment;

m Emergency scenario plans, including use of kill switches;

m Location énd operation of kill switches, fire extinguisher, and ﬁ_rst aid kits;
m Heat and cold stress hazards; | |

m  “Super exclusion zone” around borehole; and

® Warnings to subcontractors about hazards of climbing the mast without proper safety
equipment.

Because heat stress is a constant threat during warm weather, the SSO is responsible for
determining whether conditions are unsuitable for work. If site conditions require the assistance
of work modifications, cooling vests, and other cooling means, the SSO may decide that work
should not continue. The need for worker monitoring through blood pressure and oral tempera-
ture checks will be determined by the SSO with assistance from the RSC and Corporate Health
and Safety Group staff, if necessary.

The SSO will be responsible for shutting down the drilling operatlon if electrical storms
occur in the site area.
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No refueling operations will be performed until rig engines are shut down. Motor fuels
should be stored and dispensed from spring-loaded, OSHA/Factory Mutual-approved metal or
polyethylene gas cans.

The SSO should ensure and document that no boreholes are left open or unfilled after
drilling equipment is moved. In instances where a hole must be left open and unattended, suit-
able barricades or the equivalent will be staged around the hole to prevent personnel and equip-
ment from falling in.

4.2 Responsibilities and Authority of Other E & E Personnel

All E & E personnel on site are required to follow the terms of the SSP and the direction
of the SSO. Because the SSO cannot be in all places at all times, the crew should observe the
subcontractors and condition of their equipment at all times, and report immediately to the team
leader and SSO any safety-related issues that are unresolved. Included are such details as dres-
sout, site functions, and decontamination. It is important that the SSO be 1nv01ved so that proper
log entries can be made.

It is a policy of E & E not to provide safety equipment or monitoring instrumentation to
subcontractors. Some projects, however, may be arranged in such a manner that allows E & E
personnel and subcontractors to share the same expendable supplies. _

E & E personnel are forbidden from approaching augers during drilling. Activities at the
borehole, such as sampling, require that the operation of equipment be stopped.

5. Drilling Hazards

3.1 General Drilling Hazards

Drilling operations present numerous health and safety hazards to site personnel, subcon-
tractor drillers, and members of the public who may approach the rigs. Drilling hazards that ap-
ply to all drilling methods and possible control methods include:

[ Slip/ﬁrip/fall hazards;

m Ergonomic hazards;

m  Moving objects;

(] Unguarded points of operation;

[ Heat/cold stress;

m Noise;

m Buried or overhead utilities;
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Radiological hazards;

Lightning;
Chemical hazards; and

Bioldgical hazards.

5.2 Physical Hazards (Slip/Trip/Fall Hazards)

Personnel may be injured if they trip over tools or objects, walk on uneven terrain, fall
from heights or into holes, or slip on surfaces.

Controls

Store all tools and supplies away from the super exclusion zone;

- Personnel should use caution when walking on uneven surfaces so that they do not

lose their balance;
Subcontractor drillers must wear a lifeline or safety belt if mast climbing is necessary;

Boreholes should be barricaded or marked with flags when drllhng has been com-
pleted to prevent personnel from steppmg in the hole; and

Soil or sand should be applied to wet or slippery surfaces.

5.3 Ergonomic Hazards

Muscle strains, sprains, and injuries can occur when personnel use improper lifting meth-
ods, lift objects that are too heavy, improperly reach for objects, or work in awkward positions.

Controls

Lift with the back as straight as possible, bend the knees, and keep the object close to
the body; o

Use two people to move heavy objects such as augers;

Avoid excessive stretching of the arms when picking up objects; and

~ Avoid sudden twisting of the back or working in awkward positions.
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5.4 Moving Objects

Site personnel may be injured if they are struck by debris from the borehole or by drilling
machinery.or components.

Cdntrdls

m  Wear the appropriate personal protective equipment such as safety boots, safety
glasses, and a hard hat; and

m Adequate mspection and maintenance of the drill rig will reduce the likelihood of
worn equipment or parts falling and causing accidents.

5.5 Ungtjarded Points of Operation

The spinning auger on a drill rig or the V-belt drive on a motor are unguarded points of
operation that can pull site personnel into the machinery and cause serious injuries.

Controls

® Mechanical guards cannot be placed around the spinning auger on a drill nig. Site
personnel must stay away from the spinning auger and avoid wearing loose clothing
that could get caught in the auger; and

m  Mechanical guards must be placed over V-belt drives.
5.6 Heat/Cold Stress
Drilling is a strenuous job, and heat stress is a major hazard in hot, humid environments,
especially when personnel are wearing protective equipment such as coveralls, gloves, boots, and

respirators. Cold injury can occur at low temperatures and when the wind-chill factor is low.

Heat Stress
Controls

m  Recognize the signs and symptoms of heat stress;
m  Monitor workers who are wearing protective clothing; and

m  Provide fluid replacement and schedule rest periods in cool locations.
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Cold Stress

Controls
m Recognize the signs and symptoms of cold stress;
® Personnel must wear éppropriate clothing during cold weather; and ‘
m A warm rest location and fluid replacement should be provided.

5.7 Noise

Excessive noise can cause hearing damage, distract workers, and interfere with commu-
nications. : ' ‘

Controls

m In excessive noise areas, wear the hearing protection recommended by the SSO.

5.8 ‘Buried or Overhead Utilities

Contact of drilling tools with electric, gas, steam, process, or other utility lines can result
in fires, explosions, electric shock hazards, burns, etc. '

Controls

m  The boom on the drill rig must be kept at least 25 feet from overhead and buried utili-
ties;

m After buried utilities have been located using an appropriate geophysical survey, the
line locations should be marked with flags. Maps of underground utilities should also
be checked, if available, to verify locations; and

m Drilling operations should proceed slowly in areas near buried utilities, as the actual
utility location may not exactly correspond to the area identified by a flag or as illus-
trated on a map.

5.9 Radiological Hazards
5.9.1 Nonionizing Radiation

Nonionizing radiation is radiation that emits photon energy that is not sufficient to pro-
duce jonization in biological systems. Radio frequencies (including radar and microwave), infra-
red, visible light, and ultraviolet regions of the electromagnetic spectrum are considered to be
nonionizing. Ultraviolet radiation from the sun is usually the major nonionizing radiation hazard
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present during drilling operations. Ultraviolet radiation can damage the skin and eyes. Potential
effects include, but are not limited to, sunburn, skin cancer, photosensitization, and cataracts.

Controls

m Wear sunscreen on all exposed skin areas; and

m  Wear safety glasses that block ultraviolet radiation (or sunglasses worn over safety
glasses). '

.5.9.2 lonizing Radiation Hazards

Tonizing radiation is electromagnetic or particulate radiation with sufficient energy to ion-
ize atoms. Jonizing radiation may be present on some drilling sites and includes:

m Electromagnetic radiation
— Gamma rays
— X-rays

m Particulate radiation
— Alpha

— Beta
— Neutrons

Controls
Site personnel can minimize their. exposure to external radiation hazards by:
m Limiting exposure time;
; Increasing the distance from the radiation source; and
m  Shielding the radiation source.
Some radiation sources can enter the body through inhalation, ingestion, and/or skin con-

tact. Exposure can be controlled through the wearing of personal protective equipment and thor-
ough washing of skin surfaces with soap and water.

5.10 Lightning Hazard

The elevated mast on a drill rig is a potential target of lightning.
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Controls

m  The SSO will halt drilling operatlons when electrical storms approach the drilling lo-
cation.

5.11 Chemical Hazards

Chem1ca1 contaminants may be present in the form of gases, vapors,-aerosols, fumes, lig-
uids, or solids. Site personnel may be exposed to these contaminants through one or more of the
following pathways: 1nha1at10n mngestion, skin, and/or eye contact.

|
| Controls

s Become familiar with the specific dnlhng operatlon being used to identify and avoid
chemical discharge locations; ~

m Wear appropriate personal protectivg' equipment;
m Practice contamination avoidance; and
m Stay upwind during grout mixing (silica inhalation hazard).

5.12 Biological Hazards

Biological hazards that may be present dunno drilling operations include poisonous -
plants, animals, and insects, and infectious agents.

Controls

m Wear insect repellant at sites where biting insects are prevalent;

m Leamn to identify poisonous plants that cause dermatitis, such as poison ivy and poi-
son oak; :

m  Wear impervious personal protective clothing (e.g., saranex coveralls, latex booties,
nitrile surgical gloves) if work must be conducted in areas where site personnel will

contact poisonous plants; and

- Avoid potential animal nesting areas and animal carcasses.
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6. Drilling Methods and Hazards
6.1 Solid Flight and Bucket Augers

Solid-flight augers (also referred to as solid-stem augers, continuous flight augers, and
disk augers) use solid-stem auger sections, with the flighting (curved corkscrew-like blades)
connected end-to-end to the cutting head (see Figure 1). Soil cuttings are moved upward to the
ground surface by the flighting as the auger penetrates into the soil. Samples are typically col-
lected by removing an auger section, attaching a split-spoon or thin-wall sampler to the end of a
drill rod, and placing this arrangement into the borehole. Split-spoon samples are collected by
using a hammer connected to the drill rod and split-spoon. The hammer is operated by wrapping
sections of rope around a rotating cathead hoist (a wide metal cylinder). A disk auger is similar
to a solid-flight auger except that it is larger in diameter and the flighting goes around the stem
once. Bucket augers have a cutting edge on the bottom. Once the bucket auger fills with soil
cuttings, it is brought to the surface to be emptied. Figure 1 shows various types of bucket au-
gers.

" Auger drill methods are used in unconsolidated material for sampling subsurface media,
installing groundwater monitoring wells, and identifying depth to bedrock.

6.2 Hollow-Stem Auger

A drill rig rotates a hollow-stem auger (see Figure 2) and moves it vertically into the soil.
" The hollow stem allows use of continuous or intermittent soil sampling techniques. Once the
required depth has been reached, screens and casing for monitoring wells can be placed in the
hollow-stem gravel pack and grout is added as the auger is pulled out of the borehole. Hollow-
stem auger drilling 1s a common method of monitoring well installation.

6.2.1 Auger Drilling Hazards
Physical Hazards

Spinning Auger. The spinning auger is not equipped with a metal guard; therefore, it is
mmperative that personnel use extreme caution when working near spinning auger, as contact
with the auger can cause persohnel to be pulled into the auger and crushed between the auger and
the drill rig. Only approved drillers will remain in proximity to the borehole during drilling, and
an approximate 4- by 8-foot “super exclusion area” will be established by placing a 4- by 8-foot
sheet of plywood over the borehole, or by placing flagging or traffic cones around a 4- by 8-foot
perimeter. No personnel, except the driller and the driller’s helper, will enter this zone during
drilling. The SSO will issue warnings to those personnel not authorized to enter this zone.
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Figure 2 Hollow-Stem Auger

Overhead Equipment. If wire line core sampling is conducted, drill steel and sampling
gear will be lifted overhead. Site personnel must conduct the necessary equipment inspections to
ensure it is in good condition prior to the start of drilling operations. In addition, drillers must
make sure that proper hoisting procedures are used to reduce the likelihood of dropping drill

steel or sampling gear.

Drill Rig Lurching. The drill rig has a tendency to lurch and shake when the auger
comes into contact with harder materials. This is especially true when hollow-stem auger drill-
ing methods are utilized. The rig can also lurch seriously in hearing sands. Site personnel
should be aware of possible drill rig movement and move away from the rig if lurchmg or shak-

mg occurs.

Noise. If split-spoon sampling is conducted, a hammer is used to drive the spoon into the
soil. The hammer generates a loud noise when it contacts a metal surface. Site personnel are
required to wear appropriate hearing protection during hammering operations.

6.3 Open-Hole Rotary Methods

A direct mud rotary drilling system (also direct [liquid] rotary, hydraulic rotary, or re-
verse [circulation] rotary) is shown in Figure 3. Drilling fluid (mud) is pumped through drill



TERLE »s—."-zz—.‘—»;—.e'&—%_-t.u: R T B S T B R e

1HEALTH AND SAFETY ON DRILLING RIG
|OPERATIONS _

i)

el
AN

. & Sgpt&amber 2008

¥ Ty
s e et tnni

rods to a bit. The mud flows back to the surface through the space between the drill rods and the
borehole and is discharged at the surface through a pipe into a tank, tub, pond, or pit. Afterthe
cuttings settle, a pump recirculates the liquid back through the drill rods. The mud serves to:

m Cool and lubricate the bit;

m Stabilize the borehole well; and

m Prevent the inflow of fluids from formations.
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Figure 3 Open-Hole R'otaFj/ Method

A shale shaker can collect a sample from the circulated fluid by placing it in the dis-
charge flow before the settling pit. In addition, the drilling fluid flow can be shut off and split-
spoon, thing-wall, or consolidated-core samplers can be used to collect a sample by inserting a
sampler through the drill rods. Reverse circulation rotary drilling is a variation of mud rotary
drilling in that the mud flows from the mud pit down the borehole outside the drill rods, passes
up through the bit carrying cuttings into the drill rods, and is then discharged into the mud pit.
The equipment used is similar to the direct mud rotary method, except most of the equipment is

. larger.

Equipment Breaks. A break in support equipment for drill steel could cause equipment
to fall and injure site personnel. Equipment inspection is requlred to ensure it is in good condi-
tion prior to the start of drilling operations.

00191
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Slippery Conditions. Because the use of drilling mud will create slippery conditions
around the drill rig and support area, mud should be contained to the immediate work area. Slip-
pery spots should be dried with sand/dirt to reduce slipping hazards. Gloves should be changed
when they become coated with mud.

6.4 Direct Air Rotary with Rotary Bit/Downhole Hammer

Also called an air rotary with roller-cone (tri-cone) bit, down-the-hole hammer, or air
percussion rotary, the rig setup for air rotary with a tri-cone or roller-cone bit is similar to direct
mud rotary (see Figure 3), except the method uses air instead of water and drilling mud. The .
main components of a drill string using a tri-cone bit are illustrated in Figure 4. Compressed air-
is forced down through the drill rods to cool the bit, and cuttings are carried up the open hole to
the surface. A cyclone slows down the air velocity, forcing the cuttings into the container. A
- roller-cone drill bit 1s used for hard-to-soft consolidated rock and unconsolidated formations.
When a-downhole hammer is utilized, it replaces the roller-cone bit (see Figure 4). The hammer
produces a pounding action as it rotates. Other features are similar to the rotary bit, except small
amounts of surfactant and water are used for dust and bit temperature control.
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Physical Hazards

Noise. Excessive noise is generated from the use of air compressors, casing drivers, and
downhole hammers. Site personnel are required to wear hearing protection during drilling opera-
tions.

Cuttings and Water. Cuttings and water blown from the hole can strike and injure site
personnel. Site personnel must stay away from this discharge location and wear appropriate per-
sonal protective equipment.

Overhead Equipment. If wire line core sampling is conducted, drill steel and sampling
gear will be lifted overhead. Site personnel must conduct the necessary equipment inspections to
ensure 1t is in good condition prior to the start of drilling operations. In addition, drillers must
make sure that proper hoisting procedures are followed to reduce the likelihood of falling dnll
steel or sampling gear. ' '

6.5 Cable Tool

_ A cable tool drill rig operates by repeatedly lifting and dropping tools attached to a cable
into a borehole. Figure 5 shows the components of a cable tool rig. This drilling method crushes
rock and a spudding beam mixes the crushed particles with water. The water and debris 1s re-
moved by a bailer or pump. In unconsolidated formations, a casing is driven into the ground. In
consolidated formations, drilling is conducted with the use of a casing.

~ Physical Hazards

Noise. The spudding beam generates excessive noise. All personnel must wear appro-
priate hearing protection during drilling operations.

| Rig Movement. The drill rig tends to lurch as the drill sfring 1s raised and lowered. Site
personnel must maintain an adequate distance from the rig during drilling operations.

Overhead Equipment. Drill string and bailers are hoisted during drilling operations and
present an overhead hazard to site personnel if a tool falls from a height.

6.6 Casing Advancement: Rotary Drill-Through Methods
6.6.1 Drill-Through Casing Driver and Dual Rotary Metﬁlod'

Casing drivers advancement (also referred to as air [mud] rotary drill or downhole ham-
mer with casing drivers, air rotary casing hammer, and air drilling with casing hammier) involves
a driver that moves the casing as drilling occurs (see Figure 6) during the use of conventional
direct air (mud) or downhole hammer equipment. Drill cuttings move upward 1in the space be-
tween the drill pipe and the casing. The diameter of the casing is slightly larger than the bit so it
can be easily removed.

01193
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Figure 5 Cable Tool Drill Rig

In dual rotary advancement, the casing is moved by using a rotary steel casing provided
with a carbide-studded drive shoe. The carbide ring cuts through the overburden material. Ro-
tary drilling (usually air) takes place at the same time using a downhole hammer or tri-cone bit.
Drilling can be conducted either inside or ahead of the casing.

The type of drilling is used to install monitoring wells in unconsolidated formatlons
where loss of circulation of drilling fluids is a problem, and/or where prevention of cross-
contamination of aquifers is important.

6.6.2 Reverse Circulation (Rotary, Percussion Hammer and Hydraulic
Percussion)

The reverse-circulation rotary drilling method can utilize air rotary with a downhole
hammer or bit or mud rotary. Two or three casings can be used.

Reverse circulation dual-wall rotary. This method is similar to downhole hammers
‘with a casing driver or air rotary-cone bit, except air 1s moved down the space between the cas-
ing and the drill pipe to the bit, and soil cuttings are pushed to the surface through the drill pipe
(see Figure 7).

17
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Figure 6 Casings

Reverse circulation dual-wall percussion hammer. The percussion hammer operates

in a similar manner of reverse circulation as the dual-wall rotary method, except the drive
method is different. Either two or three casings are used. Compressed air is moved into the

space between the outer and inner pipes, and soil cuttings are discharged from the inner pipeto a
cyclone. A percussion hammer on the most of the drill rig strikes an anvil on the top of the drive

assembly. Two or three casings are driven, and the bit does not rotate.

Physical Hazards — Reverse Circulation Dual-Wall Rotary

Noise. Excessive noise is generated from the use of air compressors, casing drivers, and
~downhole hammers. Site personnel are required to wear hearing protection during drilling opera-

tions.

Cuttings. Cuttings and debris discharged from the hole can strike and injure site person-
nel. Site personnel must stay away from the discharge point and wear appropriate personal pro-

tective equipment.
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Overhead Equipment. If wire line core sampling is conducted, drill steel and sampling
gear will be lifted overhead. Site personnel must conduct the necessary equipment inspections to
ensure it 1s in good condition prior to the start of drilling operations. In addition, drillers must
make sure that proper hoisting procedures are followed to reduce the likelihood of dropping drill
steel or sampling gear.

Physical Hazards — Hydraulic Percussion

Slips/Falls. Site personnel can slip on wet ground around the drill rig or fall into the wa-
ter tank. Site personnel must keep the drilling location clear of debris and contain spillage prior
to and during drilling operation.
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Figure 7 Reverse Circulation Rotary Method
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6.7. Sonlc Drlllmg

The sonic drill rig 1s similar to other drilling rigs in that it is a machine attached to a
frame mounted on some type of vehicle. Sonic drilling is the use of high frequency vibration
used in conjunction with down pressure and rotation to advance drilling tools through subsurface
- formations (see Figure 8). The use of high frequency vibration through the drilling tools causes
the formation materials to vibrate at their natural frequencies allowing the drilling tool (casing)
to advance by fracturing, shearing or displacing formation material. Most sonic drilling is util-
1zed for drilling in unconsolidated matenal However, sonic drilling can also be used for drilling
and sampling of rock formations.

During drilling, unconsolidated samples are collected using a sample (or core) barrel.

Core barrels are either solid tubes or split barrels of various diameters and lengths generally
sized to match the inside diameter of the drill casing being utilized. Typical core barrels are 10
to 20 feet in length and casing sizes range from 0.5 inches to 12 inches, although 4 to 6 inch cas-
ing is typical. The core barrel is fitted with a drill bit/cutting shoe, and the sampler is placed
within the outer casing material and attached to the rig by drilling rods. As the borehole is ad-
vanced, formation material is collected within the core barrel.

Following the sampling run (typically 10 to 20 feet), the core barrel is extracted from the
well casing. Formation material is then extracted from the core barrel. Typically, sample mate-
rial 1s extracted into a plastic sleeve, which is separated into convenient lengths for logging. The
process of sonic drilling and sample collection will cause the sample to be distorted due to vibra-
tion, but generally will be intact. In the case of rock drilling, the vibration may create mechani-
cal fractures that can affect the structural analysis for permeability and thereby not reflect the
true in-situ condition.

The advantages to using sonic drilling technology includes reducing the amount of drill
cutting generated, providing rapid forrnatlon penetration, and the recovery of a continuous core
sample.

Physical Hazards

Noise. Excessive noise is generated from the use of oscillating drill head. Site personnel
are required to wear hearing protection during drilling operations.

Overhead Equipment. During drilling operations steel casing (up to 20 foot lengths),
core barrels, and drill rods may be hoisted in the air. Site personnel must conduct the necessary
equipment inspections to ensure it 1s in good condition prior to the start of drilling operations. In
addition, drillers must make sure that proper hoisting procedures are followed to reduce the like-
lihood of falling drill steel or sampling gear.

Slips/Falls. Site personnel can slip on wet ground around the drill rig or trip over drilling
equipment (e.g. wrenches, etc.). Site personnel must keep the drilling location clear of debris
and contain spillage prior to and during drilling operation.
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Drill Rig Lurching. The drill rig may have a tendency to lurch and shake when the drill
casing comes into contact with harder materials. Site personnel should be aware of possible drill
rig movement and move away from the rig if lurching or shaking occurs.

Figure 8 Sonic Drilling Method
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1. Scope and Applicatidn

The purpose of this procedure is to provide a description of methods for preventing or
reducing cross-contamination and general guidelines for-designing and selecting decontamina-
tion procedures for use at potential hazardous waste sites. The decontamination procedures cho-
sen will prevent introduction and cross-contamination of suspected contaminants in environ-
mental samples, and will protect the health and safety of site personnel. '

2. Method Summary

Removing or neutralizing contaminants that have accumulated on personnel and equip-
ment ensures protection of personnel from permeating substances, reduces/eliminates transfer of
contaminants to clean areas, prevents the mixing of incompatible substances, and minimizes the
likelihood of sample contamination.

Cross-contamination can be removed by physical decontamination procedures. The abra-
sive and non-abrasive methods include the use of brushes, high pressure water, air and wet blast-
ing, and high pressure Freon cleaning. These methods should be followed by a wash/rinse proc-
ess using appropriate cleaning solutions. A general protocol for cleaning with solutions is as fol-
lows:

Physical removal.

Non-phosphate detergent plus tap water.
Tap water. '

10% nitric acid.

Distilled/deionized water rinse.

Solvent rinse..

Total air dry.

Triple ninse with distilled/deionized water.

0NN AN~

This procedure can be expanded to include additional or alternate solvent rinses that will
remove specified target compounds if required by site-specific work plans (WP) or as directed by
a particular client. : ’ ’

3. Interferences

The use of distilled/deionized water commonly available from commercial vendors may
be acceptable for decontamination of sampling equipment provided that it has been verified by
laboratory analysis to be analyte-free distilled/deionized water. Distilled water available from
local grocery stores and pharmacies is generally not acceptable for final decontamination rinses.
Contaminant-free deionized water is available from commercial vendors and may be shipped di-
rectly to the site or your hotel.

03203



The use of an untreated potable water supply is not an acceptable substitute for tap water.
Tap water may be used from any municipal water treatment system.

4. Equipment/Apparatus

The following are standard materials and equipment used as a part of the decontamma—
tion process:

Metal/plastic container for storage and disposal of contaminated wash solutions;

Appropriate protective clothlzng;

Air purifying respirator (APR);

Field log book;

Non-phosphate detergent;

Selected high purity, contaminant-free solvents;
Long-handled brushes;

Drop cloths (plas-tic sheeting);

Trash containers;

Paper towels;

Galvanized fubs or eqﬁivalenﬁ (e.g., baby pools);
Tap water;

Contaminant-free distilled/deionized water;
Pressurized sprayers, H,0;

Pressurized sprayers, solvents;

Trash bags;

Aluminum foil;

Sample containers;

09204
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m Safety glasses or splash shield; and

m Emergency eyewash bottle.

5. Reagents

There are no reagents used in this procedure aside from decontamination solutions used
for the equipment. The type of decontamination solution to be used shall depend upon the type
and degree of contamination present and as specified in the project/site-specific Quality Assur-
ance Project Plan (QAPP).

In general, the following solvents are utilized for decontamination purposes:

m . 10% nitric acid wash ( reagent grade nitric acid diluted with deionized/distilled water
— 1 part acid to 10 parts water)?;

m Acetone (pesticide grade)® ;
m Hexane (pesticide grade)®;
m Methanol; and |
- Methylene chloride®.
“Only if sample is to be analyzed for trace metals.
®Only if sample is to be analyzed for organics requiring specific or spemahzed decon-

tamination procedures. These solvents must be kept away from samples in order to avoid con-
tamination by decon solvents.

‘6. Procedures

Decontamination is the process of removing or neutralizing contaminants that have ac-
‘cumulated on both personnel and equipment. Specific procedures in each case are designed ac-
cordingly and may be identified in either the Health and Safety Plan (HSP), WP, QAPP, or all
three. ' : :
As part of the HSP, a personnel decontamination plan should be developed and set up
before any personnel or equipment enters the areas of potential contamination. Decontamination
procedures for equipment will be specified in the WP and the associated QAPP. These plans
should include:

m  Number and layout of decontamination stations;

m Decontamination equipment needed (see Section 4); 02,05
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m Appropriate decontamination methods;
m Procedures to prevent contamination of clean areas;

m  Methods and procedures to minimize worker contact with contaminants during re-
moval of protective clothing;

m Methods and procedures to prevent cross-contamination of samples and maintain
sample integrity and sample custody; and

m Methods for disposallof contaminated clothing, equipment, and solutions.

Revisions to these plans may be necessary for health and safety when the types of protec-
tive clothing, site conditions, or on-site hazards are reassessed based on new information.

Prevention of Contamination

Several procedures can be established to minimize contact with waste and the potential
for contamination. For example:

m Employing work practiceé that minimize contact with hazardous substances (e.g.,
avoid areas of obvious contamination, avoid touching potentially hazardous sub-
stances);

m Use of remote sampling, handling, and container-opening techniques;

m Covering monitoring and sampling equipment with plastic or other protective mate-
rial; ' '

m  Use of disposable outer garments and disposable sampling equipment with proper
containment of these disposable items;

m  Use of disposable towels to clean the outer surfaces of sample bottles before and after
sample collection; and '

m Encasing the source of contaminants with plastic sheeting or overpacks.

Proper procedures for.dressing prior to entrance into contaminated areas will minimize
the potential for contaminants to bypass the protective clothing. Generally, all fasteners (zippers,
buttons, snaps, etc.) should be used, gloves and boots tucked under or over sleeves and pant legs,
and all junctures taped (see the Health and Safety Plan for these procedures).
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Decontamination Methods

All personnel, samples and equipment leaving the contaminated area of a site must be
decontaminated to remove any chemicals or infectious organisms that may have adhered to them.
Various decontamination methods will either physically remove, inactivate by chemical detoxifi-
cation/disinfection/sterilization, or remove contaminants by both physical and chemical means.

In many cases, gross contamination can be removed by physical means. The physical
decontamination techniques can be grouped into two categories: abrasive methods and non-
abrasive methods.

6.1 Abrasive Cleaning Methods

Abrasive cleaning methods work by rubbing and wearing away the top layer of the sur-
face containing the contaminant. The following reviews the available abrasive methods.

Mechanical

Mechanical methods include using brushes with metal, nylon, or natural bristles. The
amount and type of contaminants removed will vary with the hardness of bristles, length of time
brushing, and degree of brush contact. Material may also be removed by using appropriate tools
to scrape, pry, or otherwise remove adhered materials.

Air Blasting

Alir blasting equipment uses compressed air to force abrasive material through a nozzle at
high velocities. The distance between nozzle and surface cleaned, air pressure, and time of air
blasting dictate cleaning efficiency. The method’s disadvantages are its inability to control the
exact amount of material removed and its large amount of waste generated.

Wet Blasting
Wet blast cleaning involves the use of a suspended fine abrasive.‘ The abrasive/water

mixture is delivered by compressed air to the contaminated area. By using very fine abrasives,
the amount of materials removed can be carefully controlled.

6.2 Non-abrasive Cleaning Methods

Non-abrasive cleaning methods work by either dissolution or by forcing the contaminant

off a surface with pressure. In general, less of the equipment surface is removed using non-
abrasive methods. :
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High-Pressure Water

This method consists of a high-pressure pump, an operator controlled directional nozzle,
and high-pressure hose. Operating pressure usually ranges from 340 to 680 psi, which relates to
flow rates of 20 to 140 Ipm. '

Steam Cleaning

This method uses water delivered at high pressure and high temperature in order to re-
move accumulated solids and/or oils.

Ultra-High-Pressure Water

This system produces a water jet from 1,000 to 4,000 atm. This ultra-high-pressure spray
can remove tightly-adhered surface films. The water velocity ranges from 500 m/sec. (1,000
atm) to 900 m/sec. (4,000 atm). Additives can be used to enhance the cleaning action, if ap-
proved by the QAPP for the project.

High-Pressure Freon Cleaning

Freon cleaning 1s a very effective method for cleaning cloth, rubber, plastic, and exter-
nal/internal metal surfaces. Freon 113 (trichlorotriflorethane) is dense, chemically stable, rela-
tively non-toxic, and leaves no residue. The vapor is easily removed from the air by activated
charcoal. A high pressure (1,000 atm) jet of liquid Freon 113 is directed onto the surface to be

~cleaned. The Freon can be collected in a sump, filtered, and reused.

Physical removal of gross contamination should be followed by a wash/rinse process us-
ing cleaning solutions. One or more of the following methods utilize cleaning solutions.

Dissolving

Removal of surface contaminants can be accomplished by chemically dissolving them,
although the solvent must be compatible with the equipment and protective clothing. Organic
solvents include alcohols, ethers, ketones, aromatics, straight-chain alkanes, and common petro-
leum products. Halogenated solvents are generally incompatible with protective clothing and are
toxic. Table 1 provides a general guide to the solubility of contaminant categories in four types
of solvents.

Surfactants

- Surfactants reduce adhesion forces between contaminants and the surface being cleaned
and prevents reposition of the contaminants. Non-phosphate detergents dissolved in tap water is
an acceptable surfactant solution.
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Rinsing

_ Contaminants are removed and rinsing through dilution, physical attraction, and solubili-
zation. ' »

Disinfection/Sterilization

Disinfectants are a practical means of inactivating infectious agents. Unfortunately, stan-
dard sterilization methods are impractical for large equipment and personal protective clothing.

6.3 Field Sampling Equipment Cleaning Procedures

The following steps for equipment cleaning should be followed for general field sampling
activities.

Physical removal (abrasive or non-abrasive methods).
‘Scrub with non-phosphate detergent plus tap water. -

Tap water rinse.

10% nitric acid (required during sampling for inorganics only).
Distilled/deionized water rinse.

Solvent rinse (required during sampling for organics only).
Total air dry (required during sampling for organics only).
Triple rinse with distilled/deionized water. :

00 N OV LA W =

Table 1 lists.solvent rinses which may be required for elimination of particular chemicals.
After each solvent rinse, the equipment should be air-dried and triple-rinsed with dis-
tilled/deionized water.

Solvent rinses are not necessarily required when organics are not a contaminant of con-

cemn. Similarly, an acid rinse is not necessarily required if analysis does not include inorganics.

NOTE: Reference the appropriate analytical procedure for specific decontamination solu-
tions required for adequate removal of the contaminants of concern. '

Sampling equipment that requires the use of plastic or teflon tubing should be disassem-
bled, cleaned, and the tubing replaced with clean tubing, if necessary, before commencement of
sampling or between sampling locations.



~ Table1 Decontamination Solvents

Water , Low-chain compounds
' Salts
Some organic acids and other polar compounds
Dilute Bases . Acidic compounds
For example: Phenol
m detergent , Thiols :
= soap ’ Some nitro and sulfonic compounds
Organic Solvents: Nonpolar compounds (e.g., some organic com-
For example: pounds)
~m alcohols (methanol)
m cthers
m ketones
m aromatics
m straight-chain alkanes (e.g., hexane)
m common petroleum products (e.g., fuel oil,
kerosene)

WARNING: Some organic solvents can permeate and/or degrade the protective clothing.

7. Quality Assurance/Quality Control

QA/QC samples are intended to provide information concerning possible cross-
contamination during collection, handling, preparation, and packing of samples from field loca-
tions for subsequent review and interpretation. A field blank (rinsate blank) provides an addi-
tional check on possible sources of contamination from ambient air and from sampling instru-
ments used to collect and transfer samples into sample containers.

A field blank (rinsate blank) consists of a sample of analyte-free water passed
through/over a precleaned/decontaminated sampling device and placed in a clean area to attempt
to simulate a worst-case condition regarding ambient air contributions to sample contamination.

Field blanks should be collected at a rate of one per day per sample matrix even if sam-
ples are not shipped that day. The field blanks should return to the lab with the trip blanks origi-
nally sent to the field and be packed with their associated matrix.

The field blank places a mechanism of control on equipment decontarmnatlon sample
handling, storage, and shipment procedures. It is also indicative of ambient conditions and/or
equipment conditions that may affect the quality of the samples. '

Holding times for field blanks analyzed by CLP methods begin when the blank is re-
ceived in the laboratory (as documented on the chain of parameters and associated analytical
methods).

Holding times for samples and blanks analyzed by SW-846 or the 600 and 500 series be-
gins at the time of sample collection. '
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8. Health and Safety

Decontamination can pose hazards under certain circumstances even though performed to
protect health and safety. Hazardous substances may be incompatible with decontamination
methods (i.e., the method may react with contaminants to produce heat, explosion, or toxic prod-
ucts). Decontamination methods may be incompatible with clothing or equipment (e.g., some
solvents can permeate and/or degrade protective clothing). Also, a direct health hazard to work-
ers can be posed from chemical decontamination solutions that may be hazardous if inhaled or
may be flammable.

The decontamination solutions must be determined to be compatible before use. Any
method that permeates, degrades, or damages personal protective equipment should not be used.
If decontamination methods do pose a direct health hazard, measures should be taken to protect
personnel or modified to eliminate the hazard.

All site-specific safety procedures should be followed for the cleamng operation. Ata
minimum, the following precautions should be taken:

1. Safety glasses with splash shields or goggles, neoprene gloves, and laboratory apron
should be worn.

2. All solvent rinsing operations should be conducted under a fume hood or in open air.

3. No eating, smoking, drinking, chewing, or any hand-to-mouth contact is permitted.
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